NSF  OBLIGATIONS  BY  BUDGET  ACTIVITY 
FY  1983-1984 

(DOLLARS  IN  fMILLIONS) 


BUDGrr  ACTIVITY 

FY  1983 

FY  1984 

% 

CHANGE 
FY  84/83 

MATHEMATICAL  ANO  PHYSICAL  SCIENCES 

$364.3 

2^5% 

ENGINEERING 

100.B 

123^0 

22.0% 

BIOLOGICAU  BEHAVIORAL  AND 
SOCIAL  SCIENCES 

190.2 

223.6 

17.5% 

ANO  OCEAN  SCIENCES 

276.2 

334.9 

21.3% 

U.S.  ANTARCTIC  PROGRAM 

83.2 

102.1 

22.7% 

SClENTIFia  TECHNOLOGICAL  ANO 

1 V.  /  To 

PROGRAM  OEVELOPMENT  ANO 
MANAGEMENT 

65^ 

66.0 

1.1% 

UNDISTRIBUTEO 

 4^ 

.0 

-100.0% 

SUBTOTAL  RESEARCH  &  RELATEO 
ACTIVITIES 

1,064.1 

1^50.7 

17.5% 

SCIENCE  ANO  ENGINEERING  EOUCATION 

30.0 

30.0% 

SPECIAL  FOREIGN  CURRENCY 

3.1 

2.6 

'16.6% 

TOTAL 

$1/J97.2 

41^2.3 

17^% 
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1981  NATIONAL  SC  lENCE  FOrNDATiON 
AUTHORIZATION 


House  of  Reprksentatives, 

COMMt'lTKE  ON  SciExNCS  AND  TECHNOLOGY, 

Wcishiitfiton^  D.C 
The  cummittee  met,  pursuant  to  uther  business,  at  11:^^7}  a.m.t  in 
ruum  2:il8,  Ra>burn  Iluuse  Office  Buildingt  Hon.  Don  Fuquat  chaip 
man,  presiding. 

Preyent^  Representativeb  Fuuua,  Walgren,  MacKay^  Gregg^ 
McGratli^-Skeen,  Bateman,  and  McCandless, 

Mr,  FuQtA.  Toda>  we  are  continuing  fu)l  cummittee  hearings  on 
research  iind  development  in  the  Federal  Governmtnt'b  budget  for 
fibcal  >ear  U)^l-  We  wjII  hear  from  Dr.  Edward  Knapp,  Director  of 
the  National  Science  Foundation, 

1  urn  quite  pleased  that  the  National  Science  Foundations  pro^ 
pubed  budget  for  fiscal  >ear  of  Sl^^iVlM  million  represents  an 
increase  of  '?II)'>,1  million  or  18  percent,  o\er  the  currently  planned 
level  for  fiscal  year  I98:i.  This  total  provider  Sl,2t>0,T  million  for  re- 
bearch  and  $3I),0  million  for  science  and  engineering  education  ac- 
tivities of  the  Foundation,  I  am  delighted  with  the  strong  support 
for  basic  research  provided  by  thie  budget. 

Although  1  am  generall>  pleased  with  the  Foundations  budget, 
there  are  several  details  which  will  receive  further  consideratiL^n  as 
otS-r  auihori/^ation  hearings  prcfceed.  In  particular,  there  has*  been 
v^hat  !  believt'  is  an  msuificient  increjuje  in  science  education.  The 
amount  requested  for  the  Foundation's  education  activities  is  less 
than  one-haif  of  the  nmount  siK*nt  in  fiscal  year  1981. 

H  R,  i;{10,  a  brll  regarding  engineering,  math  and  science  educa- 
tion developed  hy  this  committee  in  conjunction  with  the  Education 
and  F^abor  Committee,  w,ii>  reported  b>  the  Science  Committee  yes- 
terday. This  bill  will  assist  in  closing  the  gap  created  by  the  fij^cal 
year  IDlSli  budget  reductions  and  the  fiscal  year  H)H4  proposal 
However^  the  support  prcvided  in  this  bill  is  not  adequate  to  meet 
the  urgent  science  education  needs  of  the  Nation. 

With  regard  to  the  research  components  of  the  Foundation*  the 
administration  ha&  btr^fssed  th.it  their  fiscal  13M  programs  are  se- 
lectively targeted  to  areas  like]>  to  have  the  greatest  long-term  im- 
pacts on  new  technologies,  1  agree  in  principle  with  this  philos- 
ophy. However,  I  am  cxmcvrned  that  they  appear  to  be  understate 
ing  the  contribution  of  the  behavioral,  social  and  information  sci- 
ences to  the  effective  utih/ation  of  those  new  technologies  for  the 
public  good. 


6' 


In  P'l^^l  >4'ill^>  vn'  licivt^  iivhit'vx^d  d  gowl  bulance  between  basic  and 
dpplii'd  rt^iit'tirch*  iuid  v\<'  luvt^  ijuu>;ht  to  achieve  a  degree  of  fund- 
itig  btabtlit>  \\hich  nian>  in  ihv  rt^search  community  have  reijuest- 
ed.  We  muut  ask  if  the  chang^b  contained  in  the  present  prupo^als 
aT*e  suLind  and  whether  the  propubt^d  budgt^t  levels  for  11)81  should 
be  sustained  in  future  years. 

Before  proceeding,  I  want  to  take  this  opportunity  to  welcome 
Dr.  Knapp  to  hiii  flrtst  pubhc  appt^arance  before  the  committee  as 
Director  of  the  NationalStience  Foundation.  Dr.  Knapp*  I  am  ver> 
pleased  with  >our  appojntnieiU  and  look  forward  to  working  with 
you. 

Dr.  Knapp.  Thank  you,  Mr.  Chairman, 

Mr.  FUQUA,  Mr.  Walgren,  did  you  have  a  statement  to  make? 

Mr.  WAUVRtiN.  I  bavi-  one  that  probably  could  go  in  the  record  at 
this  point.  Just  carry  on  fror^  there. 

Mr.  Fut^LA.  Without  objection*  the  statement  of  Mr.  Walgren 
will  be  placed  in  the  record. 

(The  opening  statement  of  Mr.  Waigren  follows:) 
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NSF  POSTUR:  Ht^iRlfJG 
February  il.  194J^ 

\  m  HAPf>y  TO  JOIN  WITH  YOU,  ^'R.  CtiAlftMN.  IN  vj£LCCWl%G  t)R.  KNAPP.  I 
LOOK  fORwARO  TO  HEARING  h'^  TESTIMONY  TODAY  AMD  IW  THE  NEXT  FEW  WEEKS 

AS  THE  Science.  Research  and  TECHt^oiOGy  Subcommittee  holds  hearings  on 

IMPORTANT  AREAS  CF  fJSF'S  PROPOSED  PROGRAM  AND  OUOGET. 

LAST  WEEK  THIS  CCMMITlEE  hEARO  DR -  KEVWORTH  OPEM  THIS  YEAR'S  SdRlES  OF 
PO^TIJRE  MfHRJNGS  BY  PRESENTJNG  THE  AOMIN  i  STRAT  1 0« '  S  PROGRAM  FOR  FEDE- 
RAL R^D  IN  THt  COMING  YEAR.  WhILE  1  AM  SURE  THAT  THERE  MILL  BE  O^SATE  t 
JN  THE  CONGhtSS  OVER  THE  PROGRAMS  AS  PROPOSED.  AND  MOST  CEftTAlt^LV  SOME 
CHANGES  WILL  BE  f^AOE.  I  CANWOT  HELP  BUT  BE  PLEASED  THAT  THE  AOMlNI" 
STftAFlON    IS  FINALLY.    IF  BELATEDLY.    ADDRESSING  $CME  OF   THE  PROBLEMS 

That  have  been  df  concern  to  this  Committee.    1  am  referring  specj- 

FICALLY  TO  THE  Pf^CBLEMS  JN  UNIVERSITY  INSTRUt-lENTATJON  AWO  SCIEUCE 
AND  !MTH  £DbCATlON*  I  AM  alSO  PLEASED  T>iAT  KSF  APPEARS  TO  BE  ASSJGNEO 
A  LEADINS  ROLE  IN  WORKIMG  ON  THESE  PRC&L£MS.  '  3E£  THAT  Tl;C  ^160  MILt 
LlOfJ  THAT  NSF  PROPOSED  TO  SPEND  ON  RESEARCH  £GUfPMENT  ArjD  iNSTftUMEN- 
TAriON  WILL  BE  OF  THE  llM  MILLION  TO  BE  SPENT  BY  THE  GOVERNMENT 

FOR  THIS  PURPOSE  1^8^* 

On  the  other  :Af^O.  \  CAriNOT  HELP  BVT  DlSAPPOINT£D  THAT  TH£  Fuut^DA" 
nc'J  irirrEAStO  tiiE  PRtLOLLtG£  TE;iCHEF'  iMPf^OVLMENT  PROGRAM  ev  ONLY  ^5 
MlLLicr^H      LOO^^i^G  at    it  ANOrnEr,  jay.    THJ^   INCf^EASE  ArlCl-nrS  TO  L£^S 
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FhAN  3;.  CF    THt   T^fAL  IN  UuDGLT  PROPOi-F.O  FOR  THt  FOUMjATIQN. 

Tt+£  CONTRAST  BETWEEN  OR.  .KeY^.ORTf^  ^  Tti-Tl^JY  AS  TO  THE  IMPORTANCE  OF 
na  SClfH^^E  AND  f^ATH  EDUCATION  PRCeiEM  AMO  Tht  £^*ALL  INCREASE  IN  AODl- 
TJONAt.  RtSCtvRCEj  ALLtXATtD  TO  PROb^'/>MS  TO  SCl  V£  THE  PRCeLtf.l  JS  STRIK- 
ING ,  As  THE  ClO    '^'^^  ^cE^  "Action^.  Sj^lak  LotiCER  T^+AtU^^:)ftOS" . 


in  ThL  CCrnt;C  AUTHCRtZATltiN  HEARINGS  '^^  VJILL  EXPlOPt  THIS  I  S$u£  FUft- 
Tutt^.  KHEPiNG  tN  ^/i^w  THE  SCltNCE  EOlsCATlOtl  BILL  REPORTED  BY  THIS  COM- 
MITTEE YESTEROAV.  W£  WILt  ALSO  LOOK  ArVTHE  CURREFH  tiNlVEftSiTY  (N- 
STRUlENTATlUN  ^ITUATJOW  AND  RcVlEH  FLTORE   DIRECTIONS  OF  OCEAhOGftAPH t C 


The  [^lOLfib^lAl  ANC  BEHAVIORAL  SCIENCES  ANO  ThH  SCIENTIFIC.  TECHNOLO- 
GKAt.  ANC  iNTf  RrjATlOHAL  A/FAIRS  D I  S:tCTCRATE  S  ►  ^ 


^Q'ti,  f'R.   IMAI^MAN.   I   AM  PLtASEO        HEAi>  WHAT  CR.  KnAPP  HAS  TO  SAT> 


< 


Mr  V\     A  l)r  Kiiupps  vmi  itia\  proo^*'<^ 


STATKMKM  (H  IHt.  Kim         A.  KN         l)IRK(  TOIL  NATIONAL 
S(  iKNt^K  KOI  NDVI  ION 

l)r  Knapp  Mr  Cliainnaii,  nn^nilH^j \\w  c^i\nn\\i{f.-L\  this  i>  my 
first  appfiiraiKv  bt^tort'  yoix.  aiul  Jl  ijuhvtl  a  pKMsure  lor  tiK^  x*.}  be 
here  todt^v  > 

Th(^  o  months  which  h.wv  fussed  si^ut^  I  was  ajjpijjJitcd  Dirivlor 
of  the  Kouiidatioii  ha\t'  hvn}  *  \<.\Xi\\^  >)ii*^s  li^r  nu*  jH*!M>tiall>  and 
Tor  NSh\  1  bt'lie%t*  UAr\\  ill  sJiaif  ni>  r\(."Jtt^JiifiK  as  you  ht^ir  Uie 
details  of  the  P\jundaUun"s  propOstvi  pn^urauts  j^^r  liseal  \tM. 
in  (his  and  fortlTConun^f  hojirmus 

Tod<iv  I  \voul<i  Ijk^*  to  talk  about  ba-n.  Usecuxli  ami  its  place  tn 
the  Natjoii  s  s(.  ieneo  and  tet  Jiiiolot:>  enterprise'  TlienJ  wiii  ^debcnbc 
the  National  i^icimet^  PoundaUon  ai:d  Us  inie 

I  will  attempt  to  ^^i^e  \on  a  feeliim  ios  tJie  hroati  ranj^^e  of  re- 
bearch  supported  b\  NSF  and  its  im[^oitaij(.e  to  th*'  te*,hiiolo^ieal 
kno^^led^e  base  and  to^the  tratiun^  ot  tlit^  luture  en^ineer^.  boit^n- 
tisls.  and  teLhnicunib  who  will  (.(intnhuti'  so  much  to  the  universt 
ties.  Knleral  laboratories  and  industries 

Finaliv.  I  win  presejit  some  of  the  tn^htj^lit--  af  NSKs  fjrot>oM^d 
budget  for  fiscal  \oar  l!)SI  and  describe  sunu'  o\  th*  new  directions 
it  contains  I  v^yll  not  uo  into  detail  tufU»\  about  --[^ecihe  funding 
leveU  lor  the  do/ens  of  pM^^nims  in  tlie  NST  budget,  but  I  do  look 
for^^ard  to  discussing;  the  budj^et  in  ^^itat^'i  detail  Jii  the  bubconi 
tnittee  hearings. 

It  is  timel\  for  us  to  consi^ei.  loi  a  niotneiit,  the  contribution  of 
babic  reseaivh  to  society  and  how  science  pla\s  an  imporl<mt  t)art 
in  addri^sin^  ma!i>  of  the  eunent  and  loii>i*terin  concerns  of  tlie 
Nation 

Regardless  of  our  profession  oi  walk  of  hie,  ^^e  all  ha\e  a  con- 
tinuing st<ike  in  k^'epni^  new  scientifii,  ideas  HovMn^  from  research. 
We  hea*'  a  lot  tbebe  d<iys  abuut  the  need  U)  prt*serve  the  S  eom- 
petiti\ene.  s  in  science  and  technolo^?  and  t^  pro\  ide  the  |>erM  inel 
to  carry  this  country  into  a  no^w^  technological  a^e 

In  a  recent  speech  to  the  Massachusetts  Fli^h  Teeli  (*ouncil 
Forum,  the  President  underscort-d  the  Go^einnieiitV  pola>  to\^<ird 
research: 

We  will  propose  unprecedented  incre<*ses  in  fundaii^en- 
tal  ressearch  because  it  olTers  essentials  support  for  our  in- 
duaries>  and  otir  defense  ne'  d-  And  v^e  will  channel  this 
research  into  the  most  pnjr  ,  areas— those  mo^t  likely 
to  extend  the  benefits  of  American  siieiice  expeTti^e  to  in^ 
du^try. 

An  you  know,  re^^arch  ib  the  wellspring  oi  ideas  that 
lead  to  new  technolouies,  >uch  as  tht^  transistor  and  the 
laser  And  it  is  also  the  kev  eoui>e  for  the  hij;hty  trained 
scientisstsj  and  en^ineei's  that  we  will  need  lo  lead  us 
int<>  the  next  century  -  ^ 

The  fundamental  research  that  NSF  >up[)oils  makes  a  central 
and  creative  cuntributnai  to  the  econoinu'  lie*altli  and  vitality  of 
this  Nation  Without  n  strong  long-teim  research  elfV^H,  tlie  vitality 


and  iniiovaU\^i'iu\s.s  .shown  b>   tht  country  s  high  tech  economy 
would  quickly  fml(\ 

Over  the  years*  a  cont>eiisUb  has  been  developed  on  the  value  of* 
long-term  fVindamental  research.  And  we  at  the  National  Science 
*     Foundation  have  a  m^or  role  to  play  in  helping  to  insure  a  strong 
and  balanced  Federal  effort  in  supporting  such. research. 

The  Foundation  was  established  in  107^  in  recognition  of  the  im- 
portant contributions  made  by  science  and  technology  during 
World  War  II  and  the  desire  of  the  Governmenl  to  continue  these 
contributions  into  the  post-war  period. 

NSF  occupies  unique  place  in  the  research'  community  and 
among  Federal  agencies  that  sponsor  research.  Let  me  explain  why 
this  is  $0, 

The  staff  of  the  Foundation  does  not  conduct  research.  NSF 
fundst  m  the  form  of  grants  and  contracts*  support  scientists  and 
engiaeerij  outside  the  Government*  the  majority  of  whom  are  em- 
ployed by  universities  and  colleges.  The  creative  research  ideas 
come  from  the  scier.tists  themselves,  decisions  on  project  support 
are  made  by  NSF  program  officers  in  a  competitive  process  using 
advice  from  outside  experts  called  peer  reviewers. 

We  do  this  through  several  mechanisn^o.  Last  par  NSF  obtained 
the  assistance  of  nearly  50i000  individual  scientists*  engineers  and 
educators  to  help  select, the  highest  quality  proposals  lor  support. 
These  advii^ers  contribute  their  time  and  ideas  because  thej  believe 
it  is  important>  imd  their  work  is  the  key  to  the  Foundations  abili- 
ty to  conduct  business  with  an  overhead  of  less  than  (5  percent  of 
NSFs  total  fundini;.  We  are  proud  that  NSF  spends  a  smaller  per- 
centage of  its  funas  to  conduct  it^  business  than  do  most  private 
foundations. 

Lbelieve  that  the  competitive  nature  of  the  Foundation's  award 
process  is  one  of  the  great  virtues  of  the  American  Scientific 
system.  NSF  concentrates  on  supporting  excellence— the  most 
promising  work  on  the  frontieni  of  science— from  researchers  all 
across  the  Nation.  *  , 

It  is  interesting  and  iV  iminating  to  examine  the  place  of  NSF  in 
the  total  federal  effort  tn  research  and  development.  The  fiscal 
year  1984  investment  in  research  and  development  b>  trie  Federal 
,  Government  is  estimated  at  about  $4fi  billion.  The  major  R&D 
,  funding  agencies  are  the  Departments  of  Defense,  Energy,  Health 
and  Human  Services,  including  NIH,  and  NASA  With  the  $1.!^  bil* 
lion  budget  proposed  for  the  Foundations  responsibilities,  the  NSF 
is  not  a  leading  factor  in  Ihe  total  investment  for  research  and  de* 
velopment  by^  the  Fedei^J  Government.  But  in  the  Federal  invest- 
ment for  basfc  research*  the  Foundation  plays  a  significant  role  in 
insuring  the  health  and  vitality  of  the  Nations  research  enter 
prise, 

Histoncallyi  the  Nation's  colleges  and  universities  have  been  the 
mstitutio^  ^  in  which  most  lonff  term,  fundamental  research  work  is 
carried  out.  In  the  support  of  basic  research  at  universities*  the 
'  Foundation  accounts  for  about  three-tenths  of  all  Federal  funding 
and  traMs  only  the  National  Institutes  of  Health*  which  concen- 
trates its  funding  on  health-related  research. 

While  NSF  supports  research  across  all  disciplines,  the  level  of 
^ts  involvement  in  support  differs  by  field.  For  example*  at  univer 
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sitius  ant)  c6llc^r!>,  NSF  providet.  two-thirds  of  all  Federal  obliga- 
tion^  for  the  curuluct  \>(  b^isic  iV^^eii^ch  in  the  geosciences.  And  NSF 
provides  virtgail>  all  of  fie  Federal  support  in  ground-baz^ed  as- 
tronomy. Over  one-hiilf  of  aM  Federal  obligations  for  the  conduct  of 
basic  research  in  the  mathematical  and  physical  sciences  i&  pro- 
vided  by  NSF  And  o\er  one-third  of  all  Federal  obligations  for  the 
conduct  of  fundamental  engineering  leseaich  is  supported  by  the 
Foundation: 

I  should  add  that  NSF  doeb  not  support  clinical  research  or  work 
in  the  development  part  of  the  R&D  spectrum. 

Administration  and  congressional  decisions  on  the  NSF  budget, 
probably  more  than  those  of  a.i>  other  agency,  reflect  explicit  sci- 
eiice  policy  choices  that  directly  affect  a  l^ge  portion  of  the  aca- 
demic scientific  community.  Thus  there  is  considerable  interest  in 
that  community  about  policy  directions  as  they  are  reflected  in 
NSFs  budget. 

The  President,  in  his  state  of  the  Union  addr^*ss,  said,  *This  ad- 
ministip.tion  is  committed  to  keeping  America  the  technological 
leader  of  the  world  now,  and  into  the  21st  century/' 

How  does  NSF  contribute  to  that  commitment*'  In  my  view, 
NSF's  budget  is  a  strong,  well-balanced  request*  one  that  will  sup- 
port and  continiie  a  great  deal  of  very  exciting  research.  The  fiscal 
year  IDsi  budget  request  is  approximately  $L3  billion,  an  increase 
of  17.8  percent  above'  the  fiscal  year  1983  current  plan,  and  fea- 
tures an  18.3-percent  increase  in  the  support  of  basic  research. 

It  encompasses  Presidential  initiatives  to  encourage  the  most 
outstanding  young  scientists  and  engineers  to  pursue  academic  re- 
search careers  in  areas  of  particular  scientific  need  and  oppurtuni- 
ty,  and  to  help  restore  quality  to  the  teaching  of  science  and  math- 
ematics in  the  secondary  schools. 

The  requested  rate  of  growth  in  the  Foundation  s  budget  and  the 
emphasis  contained  in  this  budget,  reflect  three  concepts. 

First,  the  importance  of  basic  reyearch  in  laying  the  groundwork 
for  long  term  economic  growth,  and  providing  a  foundation  for  the 
technologies  on  which  national  security  and  other  goals  depend. 

Second,  the  need  to  revitalize  the  research  base  in  the  colleges 
and  universities  and  to  insure  their  continuing  ability  to  produce 
"world  class"  scientists  and  engineers  in  the  years  ahead. 

And  third,  the  importance  of  quality  education  in  science  and 
mathematics  in  the  secondarj^  schools  to  continuing  U.S,  technolog- 
ical and  economic  leadership  in  the  world. 

The  context  within  which  this  budget  was  developed  ce^  tered  on 
the  President's  determination  to  provide  sufficient  investment  in 
R&D  to  assure  the  long-term  health  of  the  economy.  In  his  appear- 
ance before  you  earlier  this  month  Dr,  Keyworth  mentioned  that 
three  criteria  were  used  in  developing  the  fiscal  year  1984  R&D 
budget.  I  have  already  addressed  one  of  them.  The  appropriateness 
of  the  Feder3l  role,  and  the  Foundation's  role,  in  the  support  of 
research. 

The  second  criterion  is  concerned  with  the  intellectual  promise 
of  d  field  of  research.  NSF  consults  widely  to  determine  areas  ripe 
for  intellectual  advance  and  chooses  tu  increase  support  for  4K>me 
areas  on  that  basis.  Examples  include  mathematics^  chemistry,  ele- 
mentary particle  physicsi  and  astronomy. 
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l  ixr  third  t>t  l)j  Kt  \  wur  t li  ^  (ritiTia.  p**rt[n(Mia\  is  addrofsed  in 
[\\v  KoatKl<Htiin I'rnph  iM'-  <il  poietttiat  inifjortanco  lo 

liUurf*  ttrluujK^^;ii\d  df  ^lu  U  .i^  t^n^iiUHTiiii:.  tomi^irler 

rf\'-(Mriij  fjlijrU  bny)i!^\.  Ivtrth  >t'K*n<t'"  *.tt<J  jnaltTiid>  -arch  'Che 
cntma  o\  uUtdltn'tnai  ail\arKt'  and  pt^t incncx'  are  Pot  inutuaHy  ex- 
tJu'H^\r.  oi  rourv'.  and  all  tht^  fivni^  I  haN^  nit-iitroju^d  meet  both. 

Witlnti  till--  cujiu^xt  tlu*  Kaiun]  djijii  supiKirts  re.^\u-ch  activity  in 
a  Nari'^K  i>|  %\a\>  kM^irM>  to  iHt^Mdiial  -nrnusts,  lar^^e  national  re^ 
>t'andi  laciidu^s  ni  muho  iltOd>  >UlIi  hi--  )  i*rK>ni\  and  atnio.spheric 
'-VK^iicu'^,  pnj\j>jt>n     jn'HinnjM^nt>  ;iid»\iduals  and  by  ieiwm 

o\  \\\\vi^\i^Mor>,  |>artK'ipahari  ol'  t^rafliiai-'  ^<  Jt'iuv  and  ori^^ineerin^^ 
'-^ijili^nt.'^  iti  iv>iMivh  prmul>.  n'nni-nm^  vt^^jprrative  ro^carcli  acliv- 
A\i^^  K oudixisWi]  KMuivr  h\[MK\\i]  ,\ii.vvvtm\i\>  \Mth  othtM'  nations,  and 
>jn\'tal  t»tlort>  h>  nun^a--"'  tlit^  roW  oi  woium  jind  nunoriiy  scientists 
at^d  t^nmiK^et'--  ni  n*><Mivh 

Thi*  tt*tiut"-t  alM)  includes  ■S^'.'  [nillii*ii  lur  ^^  wm  and  (»n^itit>crinfj 
t'dtjL'atu>ti.  includiii;:  >Uppott  ui  tiK*  X!^F  u'f«iduato  rvstvtrch  (Vtlow- 
and  ot  Pi t^-^idt'nual  ma lat to  si ri'a^K'n  'icit>nco  and 
n^tibf^mai^t'-  U'a<.hin^:  wt  {\u^  >oLaiular>  ^^haoN  m^momeiU.  I  will 
--iian*  Willi       u\\  on  >kU*iK'o  and  <»nginet  i in^;  f^ucation. 

A>  lar  a>  etnplia'-i>  in  rv^s-oar  ch  pn>uiain>  }^  LonLf^rncd.  Dr 
Kt^vwonh  h:x>  --taU^d 

^-\>.    |kTn>[i^  th*\    h.i\r  h»i^pni*    Ir--  .ili^l  U^--*  ,iT  t  ri;  t  f^ir^tl^'  I*-  .luh 

Fir'-t.  acn)>'-  all  NSl'  j)n>^iani>.  llu*  fiscal  yoar  ll^^^^l  bud^^t-t  re- 
tpjtst  i>vf>iijnA»>  tht*  nvi^t\  to  jmpn>%(,»  the  t^ialnv  and  avaiiability  of 
rt>M>arvh  in>t rumen;.. lion  and  cquipnient  The  funding  will  in- 
cr['a>e  th  *  pro<iuctj\jt\  *}i  ic>t^»rchcr>  and  enable  tlu'm  to  investi- 
iiate  netv.  vwiUn^  area>  ni  field>  -^uch  a>  bioloi^y.  astronomy,  en^^i- 
net^nn^f.  Karth  -icienct*'- 

Second.  incSudni^  uradaate  >mdcnt.'H  and  po>tdoctoral  fellows  In 
NSK  teseareli  pnijeel>  i--  criUcal  li)  their  training  in  research 
Thc'-e  are  (he  jjich\i<ioaK  m  N\hicb  future  excellence  and  competi- 
tuenes.N  m  >cit*iK'e,  enuineenn^  and  new  technolof^ies  depends. 

11u»^e  two  area.-^.  ji>.'^lrunientijtion  and  trained  ptT.sonneh  were 
diM'u.'-.'-ed  exlen.'-iNelv  In  Or  Ki»>\voilli  l>erore  this  cpnimitte*^  A>  he 
tbe\  Ka\i'  iK^en  .--oNerelv  erv^led  in  the  pa.-^t  I'*  years  and  must 
be  repaired  NSK  [>ropi>-'ed  budget  for  fL-^tal  yeai  HUSl  begins  this 
rebuilding  proce.-^.-^ 

I  will  iiol  inlo  deUiil.-^  <ii  the  rc^iue.-^ted  budget  lor  hpecillc  disci- 
phne.--  and  pru^Tam.--  Yoo  have  the  de^ail^  mi  the  tables  attached  to 
in\  wruten  .-^tatennMit,  and  we  uill  be  discu.-^sinj^  them  in  (uture 
hearin^.-^  IStd  I  tvould  hke  to  take  a  minute  to  ^'ive  you  the  flavor 
ol  .--ome  of  NSF's  program  i^inphnses. 

The  phy.-^rcal  ^cK»nces  budg'et.  which  accounts  Jor  close  to  one- 
third  of  NSF  rt^si^arvh  budget,  places  emphasis  on  the  mathemai- 
jcal  .-^ejence--  and  on  materials  research  Support  will  continue  for 
matlit^nialics  n^-^earch  institute.-^  that  provide  mvuter  interaction 
anions  niatheinalician--  Tln^  bud^t^l  al.-^o  provides  increased  support 
for  j^raduale  sttidents,  po>tdoctaral  scientists,  and  youn^  ^'acuity  re- 
searchers. 
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slrt^n^tlit^inrit;  "1  la'iljtn^  irisi i Lrm'nt.Uu)n  within  thi.s  Held. 
MatcTial.s  scieni^c  j>  an  anvi  resi  gn  h  in  whjvh  llv'  United  States 
no\^  holds  a  decjM\f  vturld  had  auti  one  whru*  gruit  advances 
appcMi"  imminent 

In  en^inuTini:,  XSF  will  t^upport  re.si-arcli  that  underlies  tTitical 
tt^c!inotoj^ie>  *inc!  proLV>st\s  in  tlu^  cumput*  r  t  li^t.trorui.>T  and  chemi- 
cal iiidu^tno  NSF'.s  f)ro^ratn  stiesse>  suth  area>  a^  lobotics,  mi- 
croelt'ctronich.  !>iutechnuluK>.  and  autonhil*'J  inanufjctu'^in^'— ke>f 
orua>  ihiU  cati  contribute  to  product i\it>  and  economic  growth. 

In  addilinrL  NSF  i>  re>pondni^^  \v  the  ciiirttit  >hurlai(es  of  engi- 
neering fiK ult>  and  advanced  ^^raduate  .students  bv  proposing 
nuijor  increat^e.s  m  the  supix>rt  oi  \ouhu  t  n^meerint-'  facuhy. 

Pnmarv  enifih.ii^js  in  the  biuli>t^ical  ?^i.ience^  is  placed  on  ^nhanc- 
m^^  le.searcb  n  ;>lan(  biolo^\  tu  tleveluj  further  understanding  of 
the  \va\  |)laut  ^>  'iitu^i/e  caibuli^\<h\aes  and  the  role  of  cell  mem- 
branes 111  nitn-L^^^v  rKatton 

I  should  mentuni  that  a  rt^maikable  achievement  tnvolviiig  nitro- 
gen fixation  ttti.s  announced  last  month  NitPj^cm  \i>  a  paradox.  It 
an  essential  and  plentiful  plant  nutrient  but  it  is  inert  and  un- 
available to  most  plants  It  would  be  una\ailable  to  all  plants 
except  fur  bacteria  that  coa\ert  nitrogen  to  ammonia  which  plants 
are  able  tu  ab.sorb  The  ptocess  is  controlled  b>  a  set  of  ^ene^  in  the 
baClena 

Recently  these  bacterial  genes  \%^Te  inserted  into  alfalfa  cells 
and  made  to  function  there.  The  result  x^a^  the  \isible  formation  of 
nodules,  tht-  tinv  vesicles  witbin  which  nnr(/^en  fixation  ot^curs.  so 
the  alfalfa  cells  could  use  the  n]tn>gen 

Since  these  gene.s  presumabK  can  ui.serted  in  other  plants, 
this  advanc*^  sigtml>  a  ne\^  fi^mtier  far  plant  biulog>  and  an  expan- 
sion of  the  world's  future  food  .supply 

I^^t  nit  turn  to  another  sctentiHc  field  A.strunum>  is  an  obf^erva- 
tn>nal  rather  tlian  a  laboralor>  -c'lence— the  [phenomena  ob^erycd 
aie  on  a  co.sinic  siale.  and  there  i.s  a  neetJ  for  large  and  e\pen.si%e 
mstrument.s  and  national  facilities  In  fiscal  \ear  NSF'  will 

support  de.sign  i^tudie.s  for  (he  '  \'er>  I^^ng  Baseline  Arra>/"  an  in- 
strument compn.Miig  10  radio  te!e.scnpe>  placed  throughout  the 
United  Slates 

Let  me  make  it  cl*\ir  thai  NSF  i.s  not  propo.sin;^  contruction  of 
this  fucilil>  in  thi.s  budget  The  .studies  hein^  fundeti  will  provide 
the  information  necvs.sai>  to  consider  the  VLBA  in  futurt  budgets. 
When  fuushed,  this  faeili'l>  vttjuld  be  the  largest  and  niot^t  powerful 
mstrument  of  its  kind  in  the  world  With  its  extraoixlinarily  high 
re^olut^on,  astrunomers  will  be  abU*  U)  .se<'  iht*  ^.enters  of  di.stant, 
giant  gakixies  and  <|Liasai's  Becau.st.^  the.st  studies  gt>  hand  in  hand 
with  .so  mucli  state-of-the-art  tei.hn<flog\.  modern  astronomy  adds 
signilicantl>  to  the  Nation's  po^jl  ul  ^Lientifualh  and  technically 
trained  personnel. 

pAen  more,  it  expands  the  understanding  <^f  the  universe  and, 
therefere,  the  human  nnagination  IVrhaf>.s  that  is  ^h>  a.stronomy 
IS  the  oldest  ol  the  si'ienct\s  and  \vh>  there  is  today  such  a  large 
popular  interest  in  it 

Many  of  you  are  fam.har  with  NSF\s  deejjsea  drilling  program 
that  has  contributed  s(j  much  to  tht-  understanding  <ji  the  motiOT^s 
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of  thf  Kiirth\s  itu:iL  and  vyith  the  much  discussed  question  of 
whether  tu  replace  iUv  vxiMn^  drill  bhip^  the  Glomar  (Challenger, 
with  another,  tho  Clomar  Exphren  Not  long  after  I  became 
Director,  I  decided  that  a  new  look  at  this  iwrfue  was  in  order.  To  do 
so,  NSF  established  a  special  advLory  committee  composed  of 
ocemi' bcientistb  to  recommend  a  long  term  program  in  Earth  crus- 
tal  dynamics*  with  bpecial  emphai>!b  on  the  role  of  ocean  drilling. 
That  Committee  met  earlier  thii>  month.  Babed  on  the  discussion  at 
that  meeting,  it  appears  the  committee  will  recommend  that  NSF 
^contmue  to  support  ocean  drilling,  preferably  with  a  leased  com- 
mercial drill  ship. 

Because  of  recent  changeb  in  oil  exploration  business,  it  appears 
that  a  ship  nuw  can  be  leased  at  a  much  lower  cost  than  conversion 
uf  the  Explorer  Many  aspects  of  this  idoa  need  to  be  thought  out. 
When  the  committee  makers  itb  final  report,  I  will  consider  it  and 
diiicusb  it  with  the  National  Science?  Buard,  with  Dr.  Keyworth,  and 
with  the  Congress, 

Now  let  me  mention  an  important  national  effort,  the  U.S  Ant- 
arctic research  program.  In  February  l!)81i,  the  President  issued  a 
decibtun  memorandum  which  stated  that  the  Foundation  i$  to  con- 
tinue to  budget  for  and  manage  the  entire  U.S.  national  presence 
on  the  Antarctic  Continent— and  that  this  program  is  not  to  be 
funded  at  the  expense  uf  other  National  Science  Foundation  pro- 
grams, 

NSF  efforti*  m  fii>cal  year  1!)8  J  will  entail  bupport  for  Antarctic 
rebearch  projects  in  several  fields  of  science,  for  improvements  to 
the  facilities  critical  to  the  conduct  of  a  bafe  and  effective  research 
prc^ram,  and  for  the  maintenance  uf  an  active  and  influential  U.S 
presence  there. 

In  addition  to  the  programs  of  support  for  work  in  various  re- 
search diseiplinesi  the  Foundation  has  a  number  of  other  programs 
which  cut  acrosb  the  concerns  of  all  disciplines  and  have  an  impor- 
tant beg^ring  on  their  health  and  vitality.  These  programs  address 
several  topics,  Ret>earch  and  bcientific  education  at  predominantly 
undergraduate  cullcges,  participation  of  wumen  and  minorities  in 
research  careers,  researcL  under  various  international  bilateral 
agreementb;  cooperative  research  projects  among  scientists  and  en- 
gineers ill  industry  pnd  thube  in  universities^  and  research  conduct- 
ed by  smalt  busine,  5, 

I  now  turn  to  NSl  &upiJort  uf  science  and  engineering  education 
This  subject  is  uf  deep  concern  to  me.  I  know  it  is  of  concern  to 
you,  I  strongly  believe  that  NSF  has  a  responsibility  in  this  area, 
and  I  know  that  the  administration,  this  committee,  and  the  Con- 
gress as  a  whole  agree.  Let  me  outline  my  view  of  the  nature  of  the 
NSF  responsibility. 

The  Foundation  s  role  in  science  and  engineering  education  is 
quite  different  from  its  rule  in  research  that  I  outlined  earlier  The 
ultimate  responsibility  fur  education,  especially  on  the  elementary 
and  secondary  levels  has  always  belonged  to  the  States  and  local 
communities.  About  $200  billiun  a  year  is  spent  on  education  in 
this  country,  to  which  the  Federal  Government  contributes  less 
than  a  tenth.  Federal  agencies  other  than  NSF  play  a  significant 
role.  This  is  especially  true  for  the  Departnient  of  Education,  whoee 
fiscal  year  1984  budget  request  is  about  513  billion.  Seen  in  this 
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ti^liL  ilw  it*-^*iuiu  s  *i\iiilabh^  io  the  toundatic»M  are  minjscule 
iliat  they  must  hi*  used  cart'fiilly  and  selectively. 

The  basit>  toi  NSF'fe  imoKenvnt  with  i^eienue  anj  engineering 
education  i&  tvtofold.  Kir^st,  ats  noted  b>  the  National  Science  Board 
in  August  1*381*  *  *  the  Foundation  has  a  speci«i  role  and  re- 
&ponhibilit>  in  bupportin^  the  lung-term  development  of  a  strong 
human  resource  basse  in  science  and  engineering.  * 

Second,  the  Foundation  hab  available  to  it  e^ipecially  .strong  con- 
nettioPb  v\ith  rei>eardi  t^cjentit^tis  and  engineen?*  At  the  university 
level,  the  Nation  ib  experiencing  shortages  of  qualified  faculty  in 
certain  areass  of  engineering,  computer  w:ience,  and  Earth  sciences. 
Man>  studentb  are  stopping  their  formal  education  al  the  baccalau- 
reate and  masster^  degree  leveU  to  take  attractive  positions  in  in- 
du&tr>  The  pool  of  Candidates  for  doctorate  degrees  and  for  aca- 
demic positions  is  rpduced. 

To  addiVbb  this  problem,  NSFb  fisscaj  year  11)84  request  includes 
funds  to  initiate  a  Program  of  Presidential  young  investigator 
avti*rds.  This  program  aims  tO  make  university  faculty  positions 
more  attractive  to  the  mot^t  promiising  >oung  faculty  members  by 
providing  ret^e*irch  funds  for  up  to  '?  years.  Up  to  200  awards  a  year 
will  be  gi\en.  with  matching  funds  required  from  private  industry. 

AdaitionaIl>,  rciscarch  programs  jicroiss  the  Foundation  will  placo 
an  empha.sih  on  expanded  support  for  graduate  students  as  re- 
search as^Lstants  on  NSF  projects.  In  fiscal  year  1084,  there  will  be 
yjme  10,000  graduate  students  working  on  research  projects  in  this 
country.  These  are  in  addition  lo  the  L^WO  predoctoral  fellowships 
that  the  Foundation  will  support* 

At  the  undergraduate  level  the  fiscal  year  \V  1  request  contains 
funds  for  a  new  reseaich  participation  prugram  directed  to  the 
large  number  of  ron-Ph.  D.  granting  colleges.  These  colleges  pro- 
\jde  man\  of  the  graduate  students  for  the  research  universities* 
NSF  will  support  reseaich  acti\ilies  by  undergraduate  college  fac- 
ulty at  major  academic  inMitutions  and  go\einmental  research 
facilities.  These  activities  will  in\oKe  some  of  the  colleges*  more 
promising  students.  The  program  will  nlso  provide  the  necessary 
equipment  at  the  sm<.ller  institutions. 

At  the  precollege  level,  we  .should  never  lose  sight  of  the  fact 
that  the  mathematics  and  science  instruction  received  by  students 
in  elenientar>  tind  st^ondary  schools  underpins  future  research 
and  lechnolofij.  It  is  important  for  the  economy,  it  is  the  bedrock 
uf  national  securit>,  it  U  essential  "or  all  cili/ens  in  a  technological 
age  Yet  there  is  broad  agreement  that  secondary  school  science 
and  mathematics  education  in  the  United  States  inadequate  to 
meet  the  growing  needs  for  scientific  and  technical  skills  in  the 
Nation  s  work  force. 

And  the  most  critical  factor  in  this  situation  is  the  shortage  of 
teacliers  ;vho  ha\e  adequate  backgrounds  in  the  subjects  they  are 
teaching. 

Accordingly,  the  Foundation  will  continue  m  fiscal  year  1981  two 
eflorLs  to  bt*  initiati'd  in  fiscal  >ear  l!)SIi.  First*  Presidential  teaching 
excellence  av^ard^  in  science  and  mathematics  will  provide  na- 
tional recognition  fur  approximately  100  outstanding  mathematics 
and  science  teachers.  Second,  we  are  proposing  a  Presidential  sec- 
ondary school  science  and  mathematics  teaching  improvement  pro- 
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j^rain  wlihh  will  ]jh<\1(I<^  (or  ^^olk^hop^  ;ind  training  activities, 
jointly  tund^^d  \Mih  Sinic  .tml  IoujI  ^fovernaienls  and  th*^  private 
sector,  and  ui>inti  lalonlis  tji  iiciivt-  rt^^oarch  ^cionti^ts  and  engineers 
to  iiti^njjthen  subject  matter  cwipetunct^  among  secondary  school 
teachers  of  scieiKv  and  mathematics. 

Although  the  work  of  tlu'  National  Science  Board's  Commission 
on  Pre-CoileK*'  Kducation  ir  Mathematics,  Science  and  Technology 
will  not  be  completed  uatil  late  tlu>  >ear,  I  believe  these  initiatives 
are  constiiEent  with  the  rept^rt  that  the  (Commission  make 

Of  courts*.*,  NSK  i>  coordinating  its  efforts  with  those  of^the  De* 
partment  oT  Education  because  the  NSF  programs  complement  an 
initiative  in  the  fii>tal  year  10>^4  budget  of  the  department  to  in* 
creuise  the  numbers  o(  qualified  ^econdar^  school  science  and  math- 
ematics teachers 

In  conclu^^uni,  h  t  me  sa>  thai  the  intellectual  statt*  of  science  in 
this  country  i>  ^ood  U.S.  i>f.ienct*  iis  the  envy  of  the  world.  During 
the  past  decades,  the  United  States  has  had  more  Nobel  Prize 
winners  in  science  thiin  any  other  country  And  in  mathematics 
iltr  skill  ot  US  R^^earL■hl-n5  wi^s  again  affirmed  by  the  award  of 
two  ol  the  la^t  thrt-o  Held  metlals  to  American  mathematicians. 

Today  tin-  Unitud  States  has  more  scientists  and  engineers  en- 
gaj^et)  in  rest^rch  and  de\eIopment  than  any  other  nation  in  the 
WestcTn  World  We  are  winninj;  medalb  and  Nobel  Prizes  now  But 
what  of  the  Jture'^  Where  will  the  United  States  be  in  science  20 
years  from  i.ow? 

We  are-beinfi  challt*n^;ed  b>  the  economy  in  a  time  of  great  tech* 
nological  transition 

We  are  being  challenged  by  the  \veakened  position  of  the  United 
States  in  world  markc^ts  , 

We  are  be:ng  cha*ieng^"d  b\  a  neei!  to  maintain  national  security. 

These  challengt^  rciiujre  a  greater  effort  in  scientific  re^?arch,  a 
major  improvement  in  the  jnstrument,s  u,sed  in  university  laborato- 
ries, an  increase  ol  srit-ntUiL  personnel  in  certain  fields,  and  special 
efforts  to  improve  the  teaching  of  i>cience  and  mathematics  in  sec- 
ondary scliools. 

The  NSF  budget  lor  llscal  year  i:»S  will  help  to  address  these 
challenges. 

Over  the  three  decades  of  the  Foundations  existence,  NSF's 
budgets  have  had  strong  bipartisan  and  public  support,  f  believe  we 
have  here  a  strong,  well-contt'iveci  budfiet  proposal  that  once  again 
is  worthy  of  your  approval 

For  my  part,  I  will  work  with  the  National  Science  Board,  with 
Foundation  staff*  and  with  the  research  community  to  see  to  it  that 
support  of  excellencx'  through  competition  continues  to  be  the  goal 
in  all  the  Foundation's  programs  As  I  said  at  the  beginning,  I 
couldn't  be  mort^  pleased  with  this  budget  request,  and  I  look  for* 
ward  to  the  opp()riunitiefe  1  uiU  have  during  the  next  few  months 
to  discuss  it  with  you  iurther 

(The  attachments  follow  | 
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SUMMARY  OF  OBLIGATIONS  BY 
^  APPROPRIATION 
I  FY  1983-1984 

(DOLLARS  IN  MfLLIONSl 


CHANGE  FY  84J83 

FY  1983  FY  1984  AMOUNT  PERCENT 

RESEARCH  AND  RELATED 

ACTIVITIES  APPROPRIATION      $1,064.1   $1,250.7  $186.6  17.5% 
SCIENCE  AND  ENG'NEERING 

EDUCATION  APPROPRIATION          30.0        39.0  9.0  30.0% 
SPECIAL  FOREIGN  CURRENCY 

APPROPRIATION                            3.1   2.6  -.5  -16.6% 


TOTAL.  NSF  $1,097.2  $1,292.3     $195.1  17.8% 
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NSF  OBLIGATIONS  BY  BUDGET  ACTIVITY 
FY  1983-1984 

(DOLLARS  IN  MILLIONS) 


BUDOrr  ACTIVITY 

FY1S83 

FY  1384 

% 

CHANGE 
FY  84^83 

MATHEMATICAL  AND  PHYSICAL  SCIENCES 

4364,3 

2U% 

ENGINEERING 

100,8 

123,0 

22.0% 

BIDLOGICAU  BEHAVIORAL  AND 
SOCIAL  SCIENCES 

190,2 

223,6 

17,5% 

ASTRONOMICAL  ATMOSPHERIC,  EARTH, 
AND  OCEAN  SCIENCES 

276.2 

334,9 

21,3% 

U.S.  ANTARCTIC  PROGRAM 

83,2 

102,1 

22,7% 

SQENTIFIC,  TECHNOLOGICAL  AND 

oO,0 

"10, /7b 

PROGRAM  DEVELOPMENT  AND 
MANAGEMENT 

65,3 

66X» 

1,1% 

UNDISTRIBUTED 

4,6 

-100,0% 

SUBTOTAL  RESEARCH  &  RELATED 
ACTIVITIES 

1,064,1 

1,250,7 

17,5% 

SCIENCE  AND  ENGINRERING  EDUCATION 

30,0 

39,0 

30,0% 

SPECIAL  FDREIGN  CURRENCY 

3,1 

2,6 

-16,6% 

TOTAL 

«1/j97^ 

41,292,3 

17,8% 

13 

MATHEMATICAL  AND  PHYSICAL  SCIENCES 

FY  1983-1984 

(DOLLARS  IN  MiaiONS) 


MATHEMATICAL  SCIENCES 
COMPUTER  RESEARCH 
PHYSICS 
CHEMISTRY 
MATERIALS  RESEARCH 
TOTAL 


FY  1983 

FY  1984 

% 

CHANGE 
FY  84/83 

$34.7 

$42.2 

21 .5% 

29.1 

34.7 

19.1% 

88.9 

107.7 

21.1% 

66.2 

802 

21.2% 

80.8 

99.6 

23.2% 

$299.7 

$364.3 

21.5% 

ENGINEERING 
FY  1983-1984 

(DOLLARS  IN  MILLIONS) 


ELECTRICAL,  COMPUTER,  AND 
SYSTEMS  ENGINEERING 

CHEMICAL  AND  PROCESS 
ENGINEERING 

CIVIL  AND  ENVIRONMENTAL 
ENGINEERING 

MECHANICAL  ENGINEERING 
AND  APPLIED  MECHANICS 

TOTAL 


% 

CHANGE 

FY  1983    FY  1984     FY  84/83 


$29.3        $36.7  25.3^0 


22.3         27.1  21.5% 


30.0         34,4  14.7% 


19.2  24.8  29.2% 
$100.8       $123.0  22.0% 
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BIOLOGICAL,  BEHAVIORAL,  AND 
SOCIAL  SCIEWCES 
FY  1983-1984 

(DOLLARS  IN  MILLIONS} 


% 

CHANGS 


FY  1983 

FY  1984 

FY  84/83 

PHYSIOLOGY,  CELLULAR  AND 
MOLECUtAR  BIOLOGY 

$85.5 

$102.7 

20.1% 

BIOTIC  SYSTEMS  AMD  RESOURCES 

45.7 

53.6 

17.1%  ' 

BEHAVIORAL  AND  NEURAL 
SCIENCES 

33.8 

37.9 

12.2% 

SOCIAL  AND  ECONOMIC  SCIENCE 

19.8 

23.3 

1 7.7% 

INFORMATION  SCIENCE  AND 
TECHNOLOGY 

5.4 

6.1 

13.0% 

TOTAL  $190.2    $223.6  17.5% 


ASTRONOMICAL,  ATMOSPHERIC,  EARTH 
AND  OCEAN  SCIENCES 
FY  1983-1984 

(DOLLARS  IN  MILLIONS) 


ASTRONOMICAL  SCIENCES 
ATMOSPHERIC  SCIENCES 
EARTH  SCIENCES 
OCEAN  SCIENCES  i 
OCEAN  DRILLING  PROGRAM  ) 
ARCTIC  RESEARCH  PROGRAM 

TOTAL 


% 

CHANGE 

FY  1983 

FY  1984 

FY  84/83 

$63.0 

$79.3 

25.9% 

75.1 

90.6 

20.7% 

34.1 

42.1 

23.5% 

97.7 

115.4 

18.1% 

6.3 

7.5 

19.0% 

$276.2 

$334.9 

21.3% 
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CRUSTAL  RESEARCH,. 
FY  19R3-1984 

(DOLLARS  m  MILLIONS} 

% 

CHANGE 


FY  1983 

FY  1984 

FY  84/83 

EARTH  SCIENCES 

CORE  PROGRAM  , 

$21.1 

$24.8 

17.5% 

MAJOR  PROJECTS 

(E.G.,COCQRP). 

4.0 

6.3 

57.5% 

SUBMARINE  GEOLOGY  AND 

GEOPHYSICS 

8.9 

10.4 

15.9% 

OCEAN  DRILLING 

16.5 

26.3 

59.4% 

TOTAL 

$50.5 

$67.8 

34.3% 

U.S.  ANTARCTIC  PROGRAM 
FY  1983-1984 

(DOLLARS  IN  MILLIONS) 


% 

CHANGE  ' 
FY  ^983     FY  1984     FY  84/83 

U.S.  ANTARCTIC  RESEARCH 

PROGRAM  $9.0        $10.0        11.1%  S 

OPERATIONS  SUPPORT 

PROGRAM  74.2         92.1  24.1% 

TOTAL  .      $83.2       $1 02.1  22.7% 
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SCIENTIFIC,  TECHNOLOGICAL,  AND  INTERNATIONAL  AFFAIRS 

FY  1983-1984 
(DOLLARS  IN  MILLIONS) 


IWTERWATIONAL  COOPERAWE 
SCieNTJRC  ACTIVITIES 


FY  1984 


WfTHIN  % 
STIA       BESEARCH       TOTAL  CHANGE 
FY  1983    ACTiVlTV    ACTIVITIES    PROGRAM    FY  84/83 


$  99        $  5.0 


$  79 


$129 


10  3-^*. 


ftESEABCM  IhlTlATlOW  AMD 
IMPROVEMENT 


12.2 


6.5 


U.2 


20  7 


69 


\ 


INDUSTRIAL  SCIENCE  AND 
TECHNOLOGICAL  INNOVATION 


14.5 


16.5 


165 


138- 


POLICY  RESEARCH  AND  ANALYSIS  4.1 


4.6 


46  122% 


SCIENCE  RESOURCES  STUDIES 


3.5 


4.2 


4  2  200% 


TOTAL 


$44.2 


$36.8 


522.1 


$589 


33  3% 
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Mr,  PutjUA  Thank  you  very  much.  Dr,  Knapp.  We  appreciate 
'OUT  statement, 

I  think,  as  1  i?aid  in  my  opening  remarks^  there  has  been  a  lot  of 
^constructive  improvements  in  the  NSF  budget  for  this  year  I  do 
have  one  statement  and  maybe  a  question.  This  is  not  aimed  at 
you.  Dr.  Knapp>  let  me  make  this  clear.  I  think  >ou  are  coming 
into  the- program  at  a  verj  crucial  time.  The  Organic  Act  of  NSF 
charges  NSF  with  the  responsibility  of  all  le   is  of  science  educa- 
tion. I  am  paraphrasing^  taking  the  words  out  of  context.  We  start- 
ed work  about  2  or  3  years  a^o  addressing  the  issue  of  science  edu- 
cation as  a  national  concern.  After  much  effort,  yesterday  after- 
noon we  passed  H.R.  1310  out  of  the  committee,  trying  to  correct 
problem  that  was  created  iby  NSF  because  NSF  neglected  its  rt 
sponsibilities  in  the  area  of'science  and  education. 
^  1  hope,  while  we  have  p^itohed  the  probl^s  at  NSF,  you  find  the 

problfemi*  and  correct  Uieni  yourselves.  You  have  the  direct  ties  to 
the  community  through  your  rei>earch  grants,  with  the  various  dis- 
ciplines involved  as  well  as  in  science  education.  I  hope  ,tl^at  we 
won*t  have  to  come  back  again  anrt  single  out  one  partic^lar^rea 
and  address  it  in  a  separate  bill.  ) 

As  I  say,  1  am  not  putting  *hi$  blame  on  you.  -It  was  there  before 
you  gdt  there.  I  hope  all  the  powers  that  be  in  the  NSF  and  the 
Science  Board  and  the  other.^  recognize  that  National  Science 
Fpundation  it  is  a  very  fine  agency,  and  I  support  it  100  percent, 
and  even  more. 

T  think  we  have  found  where  the  Foundation  has  been  in  this 
p<irticnlar  area,  and  it  wa&  a  decision  made  over  a  number  of  years 
that  left  us  in  the  serious  situation  we  find  ourselvep  in. 
"^Qne  of  the  questions  I  have  is»  in  your  opinion  how  can  science 
education  best  be  handled?  Through  those  who  are  participating  in 
the  various  programs*  or  should  an  education  directorate  be  re- 
establist^ed  in  NSF? 

Dr.  Knapp.  I  Kave  looked  carefully  during  the  past  3  months  at 
science  and  engineering  education  and  its  history  in  the  Founda- 
tion and  in  the  country.  It  is  interesting  to  note  that  the  decline  in 
the  NSF  science  education  budgets  started  about  1^)70  and  was 
more  or  less  continuous. 

In  fact,  this  downward  trend  continued  until  the  science  educa- 
tion budget  reached  its  lowest  level  as  a  percentage  of  the  total 
NSF  budget  a  year  or  so  ago.  I  don't  understand  completely  wh^t 
caused  the  people  of  the  country  and  the  Congress  and  the  people 
in  the  several  administrations  to  decide  about  1970  that  the  science 
education  effort  of  the  Foundation  was  not  so  critical  as  some  other 
areas.  ^ 

We  are  looking  carefully  now  at  how  NSF  can  best  be  effective  in  , 
reversm^  that  downw^ard  trend.  The  Foundation  should  be  restored 
to  a  Critical  role— and  I  know  it  can  pla>  a  critical  role— in  the  - 
4        ^  right  position  with  the  right  programs  for  the  1980*s. 

/  Now  let  me  discuss  an  education  directorate  for  the  Foundation, 
I  have  looked  at  the  letters  exchanged  by  this  committee  and  Dr 
Slaughter,  my  predecessor.  I  would  like  to  discuss,  among  my  staff 
'  and  with  others  in  the  administration^  what  management  structure 
for  the  Foundation  would  give  the  best  visibility  and  effectiveness 
to  the  science  and  engineering  education  activities;  they  are  now 
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s^rtMcl  withm  xhv  lOM-arth  directorates  and  in  other  parts  of  the 
toundiition  If  NSK,  in  I'att,  does  have  a  much  larger  role  to  play  in 
science  and  engiiieennK  education  than  what  it  has  right  now,  I 
would  imagine  that  we  would  make  management  changes  to  take 
that  role  into  account. 

Mr  FuQtJA.  But  is  there  not  a  responsibil'  /  on  the  part  of  say, 
physicists  or  chemists  or  mathematicians  to  iWter  education? 

Dr  Knapp.  Absolutely.  There  is  not  only  a  responsibility,  but 
also  desire.  I  have  been  heartened  by  my  discussions  with  the 
NSF  advisory  committee^-  In  particular  I  remember  the  mathemat- 
ics advisory  committee.  U  was  he/e  a  Tew  months  ajjo  and  I  asked. 
How  can  working  research  mathematicians  both  in  universities 
and  outside  universities,  address  best  thib  problem  in  the  secondary 
and  elementary  schools? 

I  found  many  of  them  were  already  doing  so  as  volunteers  A 
man  from  the  University  of  Washington*  for  example*  was  donating 
a  great  deal  of  liis  time  to  helping  the  Seattle  school  system. up- 
grade its  mathematics  courses- 

The  program  which  we  have  proposed  for  the  fiscal  yea^  1983- 
budget  is  mnovative  in  the  sense  that  it  allows  the  evaluation  of, 
different  approaches  to  this  problem.  Faculty  at  universities  would 
assist  working  schoolteachers  at  summer  institutes  and  in  similar 
efforts  where  I  think  NSF  has  the  most  leverage. 

Mr  FuQUA.  I  agree  with  you.  I  think  it  is  appropriate  for  this 
committee  to  let  it  be  known  that  we  support  that  and  strongly  rec- 
ommend that  the  various  disciplines  do  their  part  in  trying  to  cor- 
rect this  serious  problem. 

I  would  like  to  suggest  to  Ongre^sman  Walgren,  the  chairman  of 
the  subcommitteei  when  we  review  the  budgets  of  these  various 
areas— particularly  this  yean  but  more  specifically  next  year— to 
see  what  kind  of  stewardship  they  have  been  doing  in  those  areas, 

I  think  it  is  highly  important  that  the  research  areas  assume  the 
responsibility  that  they  should  in  trying  to  work  and  heip  in  educa^ 
tion  as  part  of  their  research  activities  as  well. 

Dr  Knapp  1  also  have  proposed  some  management  changes  at 
the  Foundation  that  will  give  direct  responsibility  to  the  program 
managers  of  each  directorate  for  considering  features  other  than 
the  quality  of  research.  One  of  these  features  is  the  health  of  the 
educational  enterprise  for  graduate  education  in  those  disciplines.  I 
imagine^  it  will  help  with  NSF  s  activities  for  pre-college  education. 

Mr  FuQUA  I  think  it  is  a  very  important  item  and  we  should 
look  at  tjiat  in  the  overall  review  of  their  programs,  i  hope  Con- 
gressman Walgren  and  the  subcommittee  will  review  that  very 
carefully  in  the  course  of  the  authorization  hearings  and  particu- 
larly now  that  notice  is  being  served  that  we  expect  that. 

[  gather  that  this  meets  with  your  concurrence  also? 

Dr.  Knap  p.  Absolutely. 

Mr.  FuQUA.  Maybe  the  word  will  get  out  that  we  are  expecting  to 
review  that. 

I  noticed  in  the  budget  request  you  mentioned  that  the  overall 
overhead  cost  in  the  agency  was  less  than  fi  percent. 

In  the  chart  that  you  have  accompanying  your  budgets,  or  your 
statement,  you  have  Program  Development  and  Management  re- 
questing $fi(>  million  for  that. 
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'Y\uii  \^  itiat  ii^Mtt\     ji  tiol ' 
l)r  KNAi*r,  "J'li^jt     Uiat  iif^iin^ 

Mr.  Fuc^uA.  It  oiilv  werU  up  inmi  ^<^>U:\      $i)C>  imWhrn,  an  in- 
orGUjio  of  1  1  percent? 
I)r  Knati',  Vos. 

Mr  FuQtiA.  I  yUo  iiutice  other  than  the  bepnrale  line  item  on  sci- 
tMK'C-  ynd  i'n^int^tTjn^,'  eduaUion,  \)n\\  the  nt'Xi  Itir^^ejsl  increase  is  in 
the  U.S.  Antarctic  j)n>^raiii  Thai  gut^  u_o  22.7  percent. 

As  you  are  aware,  .some  of  us  had  ihe  opportunity  to  visit  that 
pro^'ram  It  was  one  of  the  most  exciting  experiences  1  think  I  have 
ever  had  in  my  hfe.  We  had  a  vfry  ^,'re;il  lime  I  realize  the  large 
amount  of  logistics  support  that  is  required.  Is  most  of  this  increase 
asi^otiated  with  logistics,  or  will  there  be  more  research  opportuni- 
ties available'*  ^ 

Dr  Knapp,  There  is  a  httle  more  opportunity  for  research  but 
mOi^t  of  the  increase  is  for  logistics  jsupport  In  particular,  a  mainte- 
nance buildinj?  burned  and  will  be  replaced.  Some  aircraft  have  — 
you  had  an  experience  with  one  of  the  aircraft. 

Mr  Fut^UA  Yes  We  experienced  that 

Dr.  l^NATP  A  lon^j-tenn  maintenance  on  those  ski-equipped  air- 
craft is  included  in  that  increase. 

Mr-  FutitTA.  1  notice  ii  the  statement  yon  made  that  the  Presi- 
dent ha?;  mdicated"that  this  would  be  supported  out  of  the  NSF 
budget  and  would  not  imjiact  the  other  research  activities  of  the 
budget.  So  is  it  correct  to  say  that  thei^^  is  no  effort  to  secure  any 
funds  out  of  the  DL'partmonl  of  Defen,^e  for  the  maintenance  and 
support  lof^istic^i  of  the  military  aircraft? 

Dr  Kmatp.  That  is  correct.  There  has  been  none. 

Mr.  FuQtTA.  Mr.  MacKay- 

Mr.  MAeKAv.  Mr.  Chairman,  I  am  sorry  I  missed  a  portion  of  the 
testimony.  I  ma>  ask  a  question  you  have  covered. 

I  am  concerned  at  the  distinction  that  is  made  between  basic  re- 
search and  applied  rest»arch.  The  testimony  of  Dr.  Wilson  earlier 
today  set^med  to  indKate  that  in  the  area  of  super  computers^  what 
he  perceivtd  as  basic  research  was  bein^j  construed  by  the  Federal 
(jovprnment— which  in  this  case,  I  thmk,  would  be  your  agency— 
as  applied  research,  Hi^^  point  was  that  part  of  the  limitation  is 
that  there  aren't  any  people  available  to  industry  who  understand 
the  cai)acjties  of  thest^  computers  because*  the  training  programs 
are  not  being  operated  jn  the  nniversities  btnrauL^*  the  computers 
are  not  there.  He  seemed  to  be  sayini;  that  this  would  be  a  very 
appropriate  major  area  for  Federal  fun*Ung. 

I  would  appreciate  your  comments.  Vou  may  have  already  cov- 
ered this,  or  I  may  have  misconstrued  wi  at  Dr  Wilson  was  saying. 

Dr.  Knapp.  I  didn*t  cover  it,  and  I  do  A^ant  to  comment.  I  ag^ee 
with  Kon  Wilson  that  super  computers  aie  critical  and  that  access 
to  super  computei^s  by  university  research  centers  is  important. 

The  problem  of  access  to  large  computational  facilities  by  basic 
scientists  is  under  study  right  now.  I  hope  that  NSF  and  other 
agencies  of  the  Government  can  work  together,  particularly  the 
Departments  of  Energy.  Defense  and  perhaps  NASA,  to  develop  a 
coherent  program  withm  the  country  for  providing  access  to  super 
computers  by  university  researchers*  no  matter  who  may  be  fund- 
ing their  research. 
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Tht*  (U^v*  It^jiiiii^iU  ul  M\H*r  aimputertj.  U  a  much  more  complex 
tHJOtioti,  Ml  Wil  luit>  a  dctaik'd  pkm  of  how  he  would  like  to 
see  lhal  undertaken  I  think  that  ovt^r  iimK"  we  will  come  to  some 
Gcvernmenl  program  However,  we  mubt  reahze  that  all  of  the 
super  computers  up  to  this  tinie  have  been  developed  hy  industry 
Without  substantial  Goxt-rnment  direct  support*  although  Govern- 
ment IS  U'-uall>  t lu-  customer  for  the  first*  or  first  five  or  six,  of  any 
new  cumputt^rs  Keeping  that  relationship  with  the  industry  ts  im- 
portant. 

Mr.  Ma(  Kav.  Thank  >*Hr 

Mr  Walgrkk  [pretiidin^J.  Mr.  Bateman*  the  Chair  would  be 
happy  to  recognise  you. 
Mr  Bateman.  I  woLild  be  happy  to  ask  a  question,  Mr.  Chairman 
Dr  Knapp»  as  vou,  I  ima^^ine,  are  aware,  tBe  Barnes  Subcommit- 
tee 6f  the  NM^lear  Science  Advisory  Committee  has  recommended 
the  construction  and  operation  of  a  four  GE\^  CW  electron  accel- 
erator which  means  a  great  deal  more  to  you  than  it  doei>  to  me*  I 
am  sure. 

To  the  extent  of  your  familiarity  with  that  recommendation,  has 
tlv  National  ScienCe  Foundation  taken  a  position  or  does  it  have  a 
position  as  to  whether  or  not  the  recommendation  should  be  ac- 
cepted and  implemented? 

Dr.  Knapp  1,  personally,  and  the  National  Science  Foundation^ 
too,  have  followi^d  the  development  of  the  high  intensity  electron 
accelerator. 

I  support  the  technical  reasons^  for  this  country  having  a  ma- 
chine of  this  kind.  En^veral  different  centers  are  competing,  as  you 
know  Last  week  there  was  a  series  of  meetings  here  in  Washing- 
ton to  judge  among  variou:?  proposals  for  the  site  at  which  this  ma- 
chine will  be  placed. 

The  National  Science  Foundation  will  not  be  involved  in  the 
funding  of  this  accelerator.  It  will  be  funded  by  the  Departn^ent  of 
Energ>'  Iloweven  NSF'  will  be  involved  with  the  science  done  on 
this  machine*  as  supporters  of  university*  faculty*  and  students  who 
would  use  it  for  research.  In  that  sense  NSF  supports  the  progran^ 
fully,  whoever  wins  the  competition, 

Mr  Bateman  May  I  follow  up  with  this  question:  To  what 
extent,  if  any.  has  the  National  Science  Foundation  become  in- 
volved in  the  evaluation  uf  the  applications  among  the  various 
competinj^  entities  or  organizations? 

l)o  you  recommend  to  the  Department  of  Energy'^ 

Dr.  KKArp  No:  NSF  is  not  involved  except  perhaps  through 
some  scientists  who  are  funded  in  their  research  by  NSF  progiams. 
Excuse  me,  that  is  n^  ^  quite  correct.  The  evaluating  committee  is  a 
joint  DOE/NSF  a-  .isory  committee  called  NSAC.  NSF  personnel 
are  involved  in  that  joint  committee. 

Mr  Batkmak.  So  there  is  an  opportunity  for  the  scientific  disci- 

E)line  and  expertise  of  the  Science  Foundatit^n  to  enter  into  the  se- 
ection  that  will      ultimatel>  officially  made  by  the  Department  of 
Energy? 
Dr.  Kkapp.  That  is  correct. 

Mr.  Bateman.  I  would  take  it  thcii  that  you  are  somewhat  san- 
guine that  the  kind  of  policy  ±^tat«mentb  you  have  indicated  on 
behalf  of  enhancemetit  o(  the  research  capabilities  of  colleges  and 
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universities  will  be  atWnded  to  and  focused  upon  in  that  selection 
process? 

Dr.  Knapp.  Yes.  The  most  important  feature  for  the  scientific  re- 
searchers supported  by  NSF,  is  that  this  facility  be  open  and  avail- 
able to  all  scientists  who  would  wish  to  use  it  and  that  it  be  built 
and  run  in  a  cost  effective  way.  At  this  point,  the  National  Science 
Foundation  wouldn't  judge  whether  a  national  laboratory  or  uni- 
versity would  be  the  best  site  for  the  device  so  long  as  access  by 
university  faculty  was  open  wherever  the  device  was  located. 

Mr.  Bateman,  If  my  time  permits,  Mr.  Chairman,  my  recollec- 
tion in  looking  over  your  statement  is  that  it  made  some  reference 
to  the  necessity  for  upgrading  university-based  research  instrumen- 
tation and  capabilities  even  to  the  lesser  emphasis— if  I  may  ex- 
press it  that  way^of  national  laboratories. 

I  am  not  sure  what  J  just  heard  is  as  consistent  with  what  I  read 
in  thefratement  as  I  would  iike  for  it  to  have  been. 

Dr.  Knapp.  Let  me  comment  on  my  view  of  how  large  scientific 
facilities  should  b^operated. 

In  the  particular  case  you  are  discussing,  it  may  not  be  complete- 
ly r>pplicable,  but  it  is  clear  thai  large  instruments  such  as  the 
Very  I^ng  Baseline  Array,  or  the  Fermi  Lab  accelerator  in  Chicago 
are  so  large  that  they  would  doniinate  and  be  counterproductive  on 
a  university  campus.  They  are  as  big  as  the  campus  itself  for  all 
disciplines.  So  it  has  served  the  country  well  to  put  very  large  facil- 
ities at  national  laboratories  built  for  that  purpose,  like  the  Fermi 
Ub. 

The  electron  machine  is  intermediate  in  size,  I  imagine  the 
choice  of  a  university  campus  or  a  national  laboratory  would  be 
made  on  the  basis  of  the  scientific  quality  of  the  proposal,  with 
some  bias  toward  the  university,  if  the  devjce  is  still  small  enough. 
It  can  be  a  good  part  of  the  training  of  graduate  students  at  a  uni- 
versity. 

Mr  Bateman.  I  might  add  parenthetically  that  to  the  extent 
there  are  concerns  as  to  the  availability  of  space  as  to  one  of  the 
applicants  I  am  familiar  with,  you  need  not  be  concerned. 

The  space  is  available  and  happily  will  be  made  available. 

Thank  you.  Doctor* 

Mr.  Walgrkn.  Thank  you,  Mr  Bateman, 
Mr.  McGrath. 

Mr.  McGrath.  Thank  you,  Mr.  Chairman. 

Welcome,  Dr.  Knapp.  I  understand  we  are  going  to  have  a  little 
meeting  this  afternoon. 

I  have  a  series  of  questions  regarding  something  that  was  recent- 
ly brought  to  my  attention,  and  that  is  in  the  fiscal  year  1984 
budget  submission  by  the  EPA^  that  50  percent  of  the  moneys  re- 
quested for  exploratory  research  programs  will  be  managed  by 
NSF  for  contracting  out  long-term  research. 

This  committee  has  been  aware  and  is  aware  of  the  success  of 
the  NSF  peer  review  system  and  has  very  much  criticized  in  the 
past— and  will,  I  am  sure,  in  the  immediate  future— the  EPA  for 
Jts  inability  to  secure  high  quality,  long-term  research. 

However,  some  of  us  are  concerned  about  the  fast  track  that  this 
proposal  seems  to  be  on,  and  I  am  just  wondering  whether  or  not 
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you  art'  uw^m^  of  ^ulIi  ii^^reL^menti*  betvveen  the  EPA  and  the  NSF 
and  for  how  lon^         tnlkii  have  been  U^if^K  on? 

Dr  KNAPr,  Wo  art*  talking  with  the  EPA*  the  track  is  so  fast,  we 
can't  keep  track  of  it.  I  am  informed  by  my  btaff  that  only  yester- 
day afternoon,  NSF  was  told  that  the  EPA  transfer  had  been  paf 


on  hold,  whatever  that  means. 

We  have  had  staff  negotiations  with  the  EPA,  We  are  working 
on  an  interagency  agreement,  and  a  draft  of  the  agreement  has 
been  prepared  NSF  is  on  tr  ick  to  implement  the  transfer  if  EPA 
and  the  0MB  decide  it  is  the  proper  thing  to  do, 

NSF  has  been  involved  in  little  but  the  negotiation  on  the  inter- 
agency agreement.  We  have  no  policy  position, 

Mr  McGrath.  Do  you  believe  that  the  role  of  tL^  NSF  in  this 
Piirticular  endeavor  would  improve  the  scientific  adequacy  of  the 
results  of  some  of  the  testing  that  hay  been  going  on  or  will  go  on? 

Dr  Knapp  I  don't  have  an  opinion.  I  believe  NSF  would  manage 
the  basic  research  programs  on  EPA-like  problems  if  NSF  were 
asked  to  do  so, 

Mr  McGrath.  This  proposal  is  for  40  percent  of  the  budget  for 
the  exploratory  research  programs.  If  this  became  a  reality  with  40 
ptTcent*  would  you  be  willing  to  proceed  with  100  percent? 

Dr  Knait.  The  understanding  is  that  the  40  percent  represents 
now  grants  to  bo  made  in  fiscal  year  1984*  and  that  the  entire  pro- 
gram woukJ  be  under  NSF's  purview  in  later  years, 

Mr.  McGrath,  I  thank  you. 

Mr.  Walgren,  Thank  you,  Mr,  McGrath. 

I  wanted  to  just  ask  at  the  outset,  as  I  understand  the  budget 
you  are  submitting,  there  will  be  actually  a  net  increase  with  re- 
spect to  handicapped  engineering. 

This  would  be  a  change  in  direction  from  the  fiscal  year  1983 
proposals,  and  I  wanted  to  say  that  that  is  not  missed  by  the  com- 
mittee and  very  much  appreciated  by  some  of  the  members 
anyway,  I  would  like  to  encourage  you  in  that  context. 

Can  you  just  indicate  what  drew  that  degree  of  support  from  the 
Foundation? 

Dr.  Knapp  The  Engineering  Directorate*  feels  that  this  is  a  more 
important  direction  for  research.  It  was  the  internal  decision  of  the 
Engineering  Directorate  to  increase  the  support  of  engineering  re- 
search for  the  handicapped, 

Mr  Walgiien,  If  theres  a  ,  thing  specific  you  could  indicate* 
maybe  a  little  note  in  the  record  at  this  point  would  be  helpful. 
Perhaps  you  could^if  you  have  anything  further  you  would  like  to 
add»  we  would  be  appreciative  to  hear  it, 

Dr  Sandekson  That  program,  if  you  remember,  was  caught  in 
the  budget  rescission  the  Foundation  faced  in  1982,  Since  it  oc- 
curred late  in  the  fis^^al  year,  we  were  forced  to  take  much  of  the 
cut  wherever  we  had  uncommitted  funds. 

As  a  results  the  program  was  cut  back  at  that  time.  At  the  time 
we  said  we  did  not  intend  to  discontinue  our  support  of  handi- 
capped rei^earch  but  would  provide  the  support  through  other  parts 
of  the  Directorate  In  part,  at  the  urging  of  the  Congress  and  in 

Eart  on  our  own  reevaluation  of  the  activity,  we  decided  it  would 
e  advantageous  to  continue  it  as  a  separately  identified  profjram. 
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Mr.  Wau;ukn  For  the  record*  that  was  Dn  Jack  Sanderson 
elaborating^  at  tha(  point 

That  brings  me  to  one  of  the  problems  going  back  over  several 
years.  In  my  personal  view  there  were  some  strong  discontinuities 
m  funding  within  the  National  Science  Foundation  starting  with 
the  l%i  budget,  the  1982  budget,  and  one  of  the  areas  in  which 
funding  was  not  maintained,  was  the  behavioral  and  social  sci- 
ences. 

You  are  adding  some  strength  back.  You  are  proposing  to  add 
some  strength-back  to  the  social  sciences  and  to  the  behavioral  sci- 
ences>  although  it  is  a  little  unclear  from  the  materials  at  this 
point  just  exactly  how  much  would  go  to  social  sciences. 

My  question  is*  how  do  you  determine  your  priorities?  You  indi- 
cate that  you  consult  widely  in  those  determinations.  We  are  not 
yet  back  to  previous  levels  of  funding  in  those  areas.  We  had  hoped 
in  tliis  committee  that  we  would  get  at  least  back  to  1981  levels  of 
funding  with  some  dispatch  because  Dr.  Keyworth,  in  his  initial 
presentations,  indicafted  that  he  did  not  believe  that  the  emphasis 
in  those  areas  should  be  decreased*  and  I  think  the  case  is  well 
made  that  from  an  economic,  national  interest  standpoint  there  is 
much  to  be  contributed  in  the  area  of  productivity  in  terms  of 
human  factors  and  the  kinds  of  goals  that  can  be  pursued  through 
the  social  sciences. 

I  would  like  to  ask  you  how  you  can  proceed  in  that  area  and 
what  strengths  yoii  would  like  to  see  added  back  in  that  area? 

Dr.  Knapp.  I  came  into  the  budget  discussions  at  a  relatively  late 
point.  However,  in  this  budget  the  social  sciences  shared  in  the  in- 
creases for  the  entire  Foundation  *iot  to  the  level  at  which  they 
had  been  funded  in  1981,  it  is  true—but  they  did  receive  a  substan- 
tial increase. 

Mr.  Walgren.  Would  that  be  true  as  to  social  sciences  as  an  iso- 
lated  

Dr.  Knapp.  In  particular,  we  paid  a  great  deal  of  attention  to  the 
data  base  support  in  social  sciences  and  the  maintenance  of  these 
data  bases.  Tfiey  are  among  the  basic  tools  that  sociai  scientists 
need  in  order  to  do  research  However,  in  the  social  sciences  there 
iS  no  large  instrumentation  problem*  since  most  of  the  work 
doesn't  require  the  kinds  of  laboratory  instrumentation  required  in 
the  physical  sciences. 

If  you  were  to  look  at  the  support  for  the  personal  aspects  of  the 
social  sciences,  you  would  fmd  the  social  sciences  have  not  received 
a  much  less  substantial  increase  than  have  the  physical  sciences.  I 
think  Dr.  Clark  would  agree  those  statements  are  correct. 

Dr.  Clark.  Yes. 

Mr.  Walgren.  For  the  record*  this  is  Dr.  Eloise  Clark.  If  you 
would  speak  out  so  the  reporter  and  others  in  the  room  can  hear, 
we  would  appreciate  it. 

Dr.  Clark.  All  right. 

Mr.  Walgren.  You  are  confirming  the  social  sciences  as  an  iso- 
lated group  as  opposed  to  being  joined  with  

Dr.  Clark.  Perhaps  I  could  explain. 

Our  effort  in  this  area  is  housed  under  two  oi^ganizational  divi- 
sions. One  is  called  social  and  economic  sciences  and  includes  a 
substantial  effort. 
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The  behavioral  scienceii,  which  are  sometimeix. included  within, 
the  sociaf  acit^nce  category,  are  in  the  behavorial  and  neural  sci- 
ences Those  program^^  were  also  incr^aM^d  within  that  division^  al- 
though not  to  the  same  degree. 

We  can  give  >ou  the  numbers  for  the  combined  level  for  the 
record. 

[The  material  follows:] 


Q        ei-28d  0-83 — 3 
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Mr  Waw;jikn.  I  would  just  like  to  underscore  the  interest  of 
some  members  in  that  particular  subject.  It  is  ^mething  that  we 
can  pursue  in  the  authorization  hearings. 

On  another  aspect,  you  indicated  that  there  is  support  for  large 
jcale  cooperative  research  on  an  international  basis,  and  that  it  is 
suggested  that  singe  some  research  may  be  so  large  scale,  we 
should  be  looking  for  international  cooperative  agreements  in  those 
ar^Ssrln  the  last  budget  we  stepped  h^ck  from  the  IIASA  Institute 
in  particular  I  don't  know  whether^ Chat  meant  anything  for  any 
ot  herein  tern  a  tional  efforts  we  might  carry  oh-  Do  you  eee  a  grow- 
ing role  for  cooperative  research  on  an  international  1t»asis? 

Dr.  Knapp.  My  personal  view  is  that  science  is  an  international 
enterprise^  particularly  basic  science,  it  is  a  completely  internation- 
al enterprise. 

There  is  a  real  problem  in  international  science  with  the  ex- 
change of  young  researchers  bt;tween  universities  in  developing  or 
developed  nations  and  the  United  States.  The  amount  of  exchange 
of  personnel  is  much  lower  than  it  'as  a  few  years  ago,  I  don't  un- 
derstand why.  We  have  suggested  that  the  National  Academy  of 
Sciences  look  at  this  problem  in  1983-84. 

NSF  funds  international  science  in  two  ways  at  this  time,  one, 
through  international  agreements  managed  by  the  STIA  director- 
ate and  two,  perhaps  a  larger  amount,  through  the  research  direc- 
torates, which  don  t  have  international  responsibilities,  per  se.  I 
would  like  to  see  these  two  modes  of  funding  international  science 
become  more  coordinated  in  the  Foundation. 

Mr  Walgren.  I  think  that  the  committee  should  be  particularly 
interested  in  the  management  structures  and  the  changes  in  man- 
agement that  you  might  bring  about.  I  say  that  because,  with  re- 
spect to  the  international  scientific  activitie&>  there  is  a  decrease  in 
the  STIA  activity  in  international  cooperative  scientific  activities, 
yet  there  is  an  increase  in  the  effort  that  you  indicate  would  be  at- 
tributable to  that  area  within  the  research  activities  themselves. 

The  difficulty  that  presents  is,  it  is  very  difficult  for  us  to  track 
and  to  understand  and>  therefore*  feel  comfortable  that  the  agency 
is  being  accountable.  There  ig  this  tension  between  wanting  to  have 
a  separate  program  which  may  be  more  clearly  identifiable  

Dr.  Knapp.  It  is  my  duty  as  Director  of  the  Foundation  to  devel- 
op a  management  plan  and  an  accounting  method  that  you  are 
completely  comfortable  with.  It  should  allow  you  to  track  what  we 
do  in  these  areas. 

I  think  it  is  detrimental  to  science  to  have  international  science 
in  a  given  field  separately  administered  from  other  support  that 
NSF  administers  in  the  same  field.  It  is  important  that  the  same 
program  manager,  say,  for  chemistry  of  a  certain  kind,  be  aware  of 
what  is  going  on  in  the  international  programs  and  what  is  going 
on  within  the  United  States^  That  is  more  important  to  the  conduct 
of  good  science  than  the  accountability  issue.  I  am  certain  that  we 
can  be  accountable  if  we  put  our  minds  to  it 

Mr  Walgren-  It  is  my  understanding  the  present  budget  does 
not  show  that  kind  of  breakdown? 

Dn  Knapp.  Yes,  that  is  correct.  I  have  a  committee  of  the  NSF 
Assistant  Directors  drafting  a  management  plan  for  ma  It  will 
allow  this  budget  information  to  be  tracked. 
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Mr  Wausrkn  I  tlimk  >ou  would  agree  that  there  is  sonvetimes  a 
conflict  in  purpDiso  (jt^wi-i-ii  the  programs,  and  although  maybe  we 
cart  do  a  great  dt?ai  within  the  Mineral  research  activities,  there 
will  also  be  times  when  the  purposo  of  the  projjram  would  benefit 
from  separate  treatment. 

Dr.  K.NAPP.  Absolutely.  Of  course,  the  fundii  g  in  the  STIA  direc- 
torate is  to  insure  that  the  other  purposes  oi"  thos^  activitiois  are- 
fulfilled. 

Mr.  Walcren,  I  am  sure  you  will  receive  a  receptive  ear  when 
we  think  of  trying  to  do  more  through  the  research  activitfes. 
There  are  those  who  feel  that  our  problem  in  science  education  was 
that  we  did  not  involve  the  basic  NSF  research  functions  to  the 
degree  that  they  could  have  been  involved  with  perhaps  specific  di- 
rection that  wasn*t  given  them.  And  I  know  that  there  certainly 
seems  to  be  great  potential  in  trying  to  accomplish  those  goals 
through  the  integrated  research  activities  rather  than  having  a 
separate  agency  for  science  education  alone. 

But,  againf  there  is  a  tendency  toward  wanting  to  have  the  sepa- 
rate function  so  that  it  is  clearly  accountable^  because  of  the  fear 
that  wt'  would  lose  some  direct  effort  if  the  function  is  simply 
merged  into  the  whole. 

Dr.  Knapp.  There  is  no  jiossibility  that  NSF  can  fund  efforts  iii 
precollege  science,  education  without  a  separate  organizational 
function  to  do  it. 

The  exact  form  of  that  organization  really  must  be  determined  as 
we  see  the  size  of  the  program,  as  we  see  how  many^aspects  are 
involved,  and  as  we  look  at  NSF  internal  alinements.  X 

Mr.  Walgrkn.  You  were  mentioning  earlier  you  didn't  quite 
know  what  went  into  the  decision  to  move  away  from  science  ^du- 
caMon  that  seemed  to  be  behind  this  downward  trend  beginning  in 
lli/U.  One  guess  would  be  that  maybe  there  wasn't  a  decision,  as 
such*  but  that  as  a  result  of  the  structure  and  the  guidelines  given 
the  research  program  directors  weat  off  into  wha*  might  have  been 
more  interesting  areas  to  them  personally*  bui  which  weren't 
pulled  back  into  a  function  in  ^yhich  science  education  could  clear- 
ly make  a  contribution  and  which  wasn*t,  perhaps,  the  most  inter- 
esting thing  for  them  to  do. 

Dr.  Knapp.  That  is  a  guess*  it  is  possibly  correct.  I  would  also^ 
make  another  guess;  after  all*  it  was  a  function  of  the  administra- 
tion, the  Science  Foundation,  and  the  Congress— alt  three  together 
somehow  allowed  these  budgets  to  go  down  slowly  from  1970 

Another  factor  of  that  budget  decrease  was  the  feeling—!  think 
an  incorrect  feeling— that  in  the  early  1970's  the  United  States  had 
an  abundance  of  scientiHc  personnel.  We  didn't  need  to  worry 
about  whether  we  \yere  producing  more  scientists>  After  all.  Ph.  D 
scientists  were  driving  taxicabs,  and  why  should  we  worry?  Science 
educ;ation  wasn't  a  crisis  situation. 

It  was  a  combination  of  many  different  factors*  I  don't  think  it 
was  internal  pressures  within  the  Foundation  that  can  be  blamed 
for  the  steady  decrease  of  the  education  budgets  from  196*^  onward 

Mr.  Waixiren.  It  is  hard  to  think  it  was  the  Congress,  because  it 
IS  my  understanding  that  this  committee  has  increased  the  educa- 
tion budget  over  whatever  was  requested  in  every  year  of  the  last 
13  years>  1  would  wonder  whether  we  ought  to  be  looking  for  what 
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might  have  hrvn  the  inadvertent  intt^ction  of  these  forces  per- 
haps more  than  a  conscious  decision.  '"'^ 

Dr  Knapi\  1  will  keep  your  thought  clearly  in  mind. 

Mr  Walgren.  We  would  be  very  interested  in  trying  to  think 
with  you  about  the  management  structure  because  I  think  certain 
^  ly  that  is  a  way  that  you  can  cause  these  things  to  happen* 

I  know  cungrebbionall>  there  cuncern  that  one  of  the  ways  you 
get  rid  of  a  program  ib  to  put  it  in  a  larger  pool  and  then  it  gradu- 
ally ^vU?  luat.  We  dre  concerned  ^ibout  things  like  the  experimental 
program  to  stimulate  competitive  rubearch  which  wab  a  very  direct 
interest  of  man>  memberb  on  the  committee  and  which  did  do 
something  good  in  terms  of  geographic  distribution. 

Dr  Knapr  I  am  told  it  is  a  quite  successful  program. 

Mr  Wau;k£:n.  It  ib  also  my  understanding  now  that  will  be  at 
lea^^t  folded  into  a  larg^^r  structure  in  which  it  might  get  lost. 

Dr.  KNAPr.  It  is  my  duty  as  the  Director  of  the  NSF  to  make 
sure  that  it  doebn't.  I  will  be  glad  to  discuss  with  the  committee  the 
management  structure  that  we  propose. 

Mr.  Waloren.  Please  know  that  we  are  very  interested  in  track- 
ing thube  programb  and  somehow  or  other  the  budget  materials 
that  we  do  get  should  enable  us  to  do  that. 

We  will  look  forward  to  the  authorization  hearings  and  perhaps 
be  able  to  «bk  aome  more  bpecific  questionb  about  the  management 
structure. 

Mr.  Gregf . 

Mr.  Gregg.  Thrnk  you,  Mr.  Chairman.  It  is  a  pleasure  to  have 
>ou  here,  Doctor.  I  am  sorry  I  wasn't  hero  for  your  entire  testimo- 
ny. Unfortunatel>,  the  postal  workers  caught  ap  with  me  as  I  was 
headed  down  the  hall. 

Since  I  want  to  get  my  leaflets  delivered,  I  felt  I  should  talk  with 
them. 

I  am  impressed  with  you.  In  the  3  months  you  hay^S  been  at  NSF, 
I  have  been  following  your  activities,  although  frpm  a  distance.  I 
have  been  impressed  with  what  you  have  been^doing  so  far.  I  am 
looking  forard  to  working  with  you,  quite  honestly. 

You  will  find  that  I  have  an  unconscionable  bias  for  elementary 
and  secondary  school  education,  as  some  of  your  staff  may  have 
told  you  from  our  hearings  we  went  through  the  last  few  days  on 
the  emergency  bill. 

I  recognize  that  this  is  a  minor  role  within  the  NSF,  but  it  is  one 
in  which  I  have  an  interest.  I  am  albo  fascinated  by  what  the  NSF 
is  doing  in  the  basic  science  areab,  in  the  ocean  drijllng  and  Ant- 
arctic areas. 

I  jubt  have  a  couple  of  questions  about  the  bill  we  took  up  yester- 
day. One  of  the  prupobals  we  made  was  that  OSTP  be  a  coordinator 
between  DOE  and  NSF.  I  wondered  if  you  felt  that  would  be  practi- 
cal in  the  area  of  the  workshops  and  other  areas  where  this  bill 
has  overlap? 

Dr.  Knapp.  I  don't  have  an  opinion  about  whether  it  would  be 
practical.  It  is  quite  pobsible,  ho\».ever,  to  coordinate  the  role  of  the 
NSF  and  the  role  of  the  Department  of  Education.  I  see  no  problem 
between  the  two  agencies  with  respect  to  their  proper  roles  in  the 
procollege  education  program. 
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Mr.  (WchxKi  Yitn  liavi*        n  chance,  I  presume,  to  see  this  bill 

l;iio?  

Dr.  Knapp.  Only  briell>,  I  waw  it  this  morning  when  I  came  in,  I 
understand  some  of  the  events  occurred  late  jesterda>  dfternooii.  I 
have  not  had  a  chance  to  restudy  it, 

Mr,  GitKGG,  Then  I  will  pass  on  asking  questions  in  that  area. 

I  am  sure  you  went  over  this  m  some  detail,  but  do  you  feel  your 
budget.  billion  thjt  you  are  j)ropobing,  is  ddeuuate  to  jddress 
all  the  various  areas  that  the  NSF     reijiiired  to  jddress  this  year? 

Dr,  Knapp.  Yes,  it  is, 

Mr,  Grkgg,  The  moneys  that  are  ^oin^  to  be  spent — there  is  $oO 
million  being  added  in,  as  1  recalU  for  Presidential  incentive 
grants.  Is  that  what  the  term  is? 

Dr,  Knapp,  No,  the  $50  million  is  for  the  Depurtment  of  Educa- 
tion, ^ 

Mr,  GiCKOG.  It  IS  ^20  million  you  am  getting? 

Dr.  Knapp,       million,  ^  ^ 

Mr,  GrE(;o,  Last  year  we  gave  you  $1^*  mitlion  for  the  teacher 
iHi^entive  pfotjram  and  for  whjt  would  basically  be  expanded  work- 
*iho|>*i  or  education  of  teachers? 

Dr,  Knapi*,  Yes,  that  is  correct. 

Mr,  GRtXiG,  Do  you  think— and  the  chairman  was  talking  about 
this— do  you  think  those  functions  are  going  to—and  you  men^ 
tioned  that  you  are  goiii^  to  rtniuire  a  separate,  more  defined  area 
within  the  agency? 

Dr.  Knapp.  NSF  must  look  tarefully  at  the  way  it  manages  this. 
And  NSF  also  must  look  at  the  llnal  decision  by  the  Congress  on 
e  size  of  the  programs  before  it  can  decide  exactly  how  ta 
anage  the  prog.  ams. 

Preliminary  plans  on  changing  NSF  m^inagement  at  this  point 
^ave  not  been  made, 

Mr.  Ghegg,  How  do  you  feel  about  tii"^  whole  movement  within 
the  country,  the  Congress? 

I  realize  we  move  in  fads  as  a  nation.  How  do  you  feel  about  this 
emphasis  on  science  and  math  education,  and  the  role  NSF 
should  play  m  it?  Do  you  think  NSF  should  get  in  the  elementary 
i  and  secondary  schools?  > 
I  Dr,  Knapp,  Yesr  NSF  ha_s  a  role  to  play.  The  country  needs  a  co- 
I  herent  national  approach  to  its  eduvational  problems.  It  is  not  just 
■  science  and  mathematics  education,  we  rcjlly  have  educational 
I  problems  outbide  science  and  mjthemjtics.  To  develop  u  good  ap- 
I  proach  is  an  important  priority  of  this  Congress,  1  think,  I  am  sure 
/    you  will  be  debating  it  at  great  length, 

!  Mr,  Grecg,  I  notice  the  Senate  sent  you  a  letter  that  raised  the 
issue  of  the  lack  of  i^pecifio^ty  between  the  NSF  and  DOE  to  the 
proposal  that  you  made— ma^5}e  you  didn't  make  it— but  that  went 
before  the  Senate  Appropriations  Subcommittee  relative  to  math.' 
science  training,  Ha\eyou  resolved  that  issue  with  the  Senate? 

Dr,  Knapp,  No,  we  haven't.  We  will  take  that  up  with  the  Senate 
this  week,  ] 

Mr,  Grkgg,  Do  you  think  you  can  resolve  it?  ^ 

Dr.  Knapp.  We  certainly  can  resolve  it.  We  were  quite  pleased 
with  the  broad  nature  of  the  mandate  that  we  had  and  the  experi- 
mental njture  of  the  program  that      proposed.  We  will  work  with 
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the  Sonuto  ty  dvwlyj)  a  prugrum  bUtable  for  the  money  available 
and  relevant  to  their  worries  and  their  concerns 

Mr  Gregg.  1  guess  thv  main  concern  was  separating  the  respon- 
sibility between  the  NSF— and  Department.of  Education. 

Dr  Knapp.  I  don't  think  there  'S  a  problem  of  separating  respon- 
sibilities in  the  NSF  proposals  and  the  Department  of  Education 
proposal,  , 

The  program  that  NSF  proposed  used^  as  Chairma;j  Walgren 
said,  the  exp^tiso  of  the  scientists  such  as  those  working  in  pro 
grams,  funded  ^y  NSF.  We  want  to  use  them  to  train  teachers  in 
summer  institufea^nd  similar  efforts-  It  wasn*t  specified  that  it 
had  to  ^e  a  particular  kind  of  summer  institute^  or  even  in  the 
summer^  or  even  an  institute. 

It  could  be  proposals  from  universities  or  school  boards  or  educa- 
tion associations  to  carry  out  teacher  training  prograrps— not  for 
new  teachers- but  teachers  already  in  the  system  whose  teaching, 
and  knowledge  needed  to  be  upgraded. 

We  proposed  the  use  of  scientists  and  engineers  such  as  those  al- 
ready working  as  Foundation  grantees  to  make  these  programs 
more  effective.  The  Department  of  Educatioii's  program  was  quite 
difTerent.  It  proposed  grants  to  the  States  for  supporting  students 
who  were  training  to  become  teachers. 

'Mr.  Gregg.  I  like  what  you  describe  as  your  role.  However,  I 
think  the  Senate  committee  was  trying  to  prescribe  your  activities 
more  severely  than  that  and  keep  you  out  of  areas  of  workshops 
aitd  activities  within  jetfucation  of  the  teachers,  whether  they  were 
Jew  teachers  or  old  teachers. 

1  happen  to  feel  NSF  has  a  unique  caf)acity  to  address  that  area 
and  even,ntOre  so  than  Department  of  Education,  in  some  sense^  in 
that  it  has  more  cred:Mlity  with  the  tef>>:hing  faoilties. 

1  hope  you  will  assert  what  F  think  is  legitimate  claim  in  that 
areetr 

^hank  you  very  much. 

Mr.  Waixiren.  Thank  you,  Mr  Gregg.  ^ 
We  certainly  appreciate  your  coming}  Dn  Knapp.  We  look  for- 
ward tp  our  future  hearings  on  these  subjects. 
Thank  you*  and  we  will  see  you  on  Friday. 
[Whereupon,  at  1  p.m.,  the  committee  was  adjourned.] 
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FKIbAY.  FKHIU  ARV  1983 

House  of  Representatjves, 
committei':  on  scjbnce  and  technology, 

SUBCuMMJrrEE  ON  ScJKNCE»  ReSEAKCH  AND  TECHNOLOGY, 

Washington^  D*C. 

The  subcommittee  met*  pursuant  to  call,  at  9:40  a.m.,  in  loom 
2;UHj  Ravburn  tiouse  Office  Building,  Hon.  Doug  Walgren  (chair- 
man of  the  subcommittee)  presiding. 

Prebent.  Representatives  Walgren,  Brown,  Mineta,  Bateman,  and 
Skeen. 

Mr.  Walc;ri-:n.  Let  me  calljthe  subcommittee  to  order  so  we  can 
proceed. 

Today  marks  the  firi*t  .pf  four  subcommittee  hearings  on  the  au- 
thorization of  the  National  Science  Foundation  budget  for  fiscal 
year  1984.  As  in  the  past  few  years,  we  will  try  to  focus  each  of 
theiie  hearings  on  £>ubject  areas  rather  than  necessarily  on  line 
items  in  the  budget  as  proposed. 

In  toda>'!i  hearing,  we  will  look  at  the  administration's  proposal 
for  the  education  activities  of  the  Foundation. 

Let  nie  i^ay  at  the  outset  that  in  general  we  certainly  respond  fa- 
\orabl>  to  £>eeing  the  Foundation  come  forward  with  a  budget  re- 
^metit  providing  real  growth  in  almost  all  of  the  major  programs  of 
the  agency.  The  budget  calls  for  a  total  of  $1,292  billion,  an  in- 
crease of  $19o.i  million  or  17.8  percent  over  their  current  planned 
budget  for  fiscal  year  1983.  The  decision  to  double  the  funding  for 
research  instrumentation,  as  well  as  providing  renewed  thrusts 
which  include  mathematici>,  materials  science*  engineering,  and  the 
Earth  sciences*  is  a  clear  change  from  previous  years'  budgets. 

Although  not  represonting  as  lai^e  an  increase  as  in  other  areas, 
I  particularly  want  to  note  with  approval  the  direction  the  Founda- 
tion is  going  in  reversing  its  position  of  last  year  in  eliminating  the 
engineering  rebearch  to  aid  the  handicapped.  They  1  ave  reinstated 
those  programs  in  fiscal  year  1383  with  a  15-percent  proposed  in- 
crease for  fiscal  year  1984.  The  $1^.3  million  in  this  item  is  not  the 
largest  in  the  NSF  budget,  but  last  year's  testimony  certainly  un- 
derscored that  these  moneys  are  extremely  valuable  and  necessary 
to  helpmg  rtJsolve  the  problems  of  the  handicapped.  Regarding  the 
science  and  engineering  education  activities^  I  wish  I  could  be  as 
positive.  Although  a  2<3-percent  increase  in  the  overall  amounts 
seems  substantial,  our  past  actions  have  so  *»roded  the  base  in  this 
activity  that  the  increase  is  not  really  significantly  over  past  ef- 
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forti)-  A  larKv  rt'Iativt*  increase  in  a  small  amount  still  leaves  you 
with  a  small  aniuunt.  1  would  al^u  note  that  in  a  budget  increase  of 
%\%  million,  the  $5  million  for  precollege  education*  a:^  an  in* 
crease*  is  not  a  major  portion  of  the  toti^l.  It  is  hardly  ud  to  the 
level  of  a  m^or  initiative  as  claimed  by  the  President  in  i,is  state 
of  the  Union  address  or  as  restated  in  the  Foundation's  testimony 
uarlier  this  weefu  1  think  the  committee  will  be  particularly  inter- 
ested in  pursuing  this  question  further. 

That  said,  the  committee  is  pursuing  independently'  a 
congressional  initiative  which  would  provide  a  uew  signiflcant  base 
to  the  Foundation's,  education  activities.  That  initiati/e  enjoys 
broad  bipartisan  support  and  if  straws  in  the  wind  are  measures*  is 
going  to  be  approved  by  the  Congress,  As  provided  for  in  Tuesday's 
markup*  NSF  would  have  an  additional  5l30  million*  targeted  to 
specific  and  particularly  important  areas  in  precollege.  postsecond- 
ary*  and  public  education,  I  know  that  the  committee  is  extremely 
interested  in  pursuing  discussions  with  the  Foundation  to  consider 
the  administration's  proposals,  particularly  in  light  of  these  recent 
congressional  initiatives  in  the  education  area, 

1  would  finally  note  that  some  of  our  discussion  today  must  focus 
on  the  fiscal  year  1983  proposed  education  plan,  I  understand  there 
remains  some  concern  as  to  the  most  effective  way  to,altocate  those 
very  limited  resources,  1  look  forward  to  hearing  the  Director  s  re- 
sponses and  comments  on  that  plan, 

1  would  like  at  this  point  to  recognize  Mr.  Bateman, 

Mr,  Bateman,  Thank  you*  Mr,  Chairman, 

Having  just  arrived,  1  will  sort  of  get  with  the  flow*  and  perhaps 
have  some  questions  shortly, 
Mr,  Walgren,  Fine, 

If  th^;  minority  has  a  statement  in  opening  that  they  would  like 
to  make  for  the  record,  we  would  be  certainly  happy  to  have  that 
included  whenever  you  would  be  prepared  to  submit  it- 
Mr,  Bateman,  Thank  you*  Mr,  Chairman, 

Mr,  Walgren,  The  Chair  would  like  to  recognize  Mr,  Brown  for 
any  initial  comments, 

Mr,  Brown,  I  would  like  to  recognize  the  chairman  for  an  excel- 
lent statement,  and  I  have  nothing  further  to  add, 

Mr,  Walgren,  Thank  you*  Mr,  Brown, 

We  want  to  start  with  William  Coleman  and  proceed  from  there 
to  the  Director  of  the  Foundation*  who  is  accompanied  by  Dr, 
Branscomb, 

Mr,  Coleman*  we  understand*  has  some  time  conflicts*  and  we 
want  to  accommodate  your  schedule.  We  are  really  pleased  to  have 
you  here  today,  Mr,  Coleman  is  cochair  with  Cecily  Selby  of  the 
National  Science  Board  Commission  on  Precollege  Educationr 
Mathematics,  Science  and  Technology,  Mr,  Coleman  comes  from 
my  State  of  Pennsylvania,  from  the  eastern  part  of  the  State*  Phila- 
delphia. He  is  a  lawyer  in  the  firm  of  0*Malvane^  &  Myers,  but  we 
know  you  best  as  the  Secretary  of  Transportation  under  former 
President  Ford,  We  are  very  plehsed  that  you  are  giving  time  to 
this  subject,  and  we  appreciate  your  coining  and  presenting  your 
views  to  the  committee  this  morning, 

Mr,  Coleman. 
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STATKMKNT  OF  WII.IJAM  T.  HH.KMAN.  JR.  COCHAIRMAN  OF  THE 
NATIONAL  StIKNCK  BOARD  COMMISSION  ON  PRECOtXKOE 
EDUCATION  IN  MATHEMATICS,  SCIKNCK  AM)  TECHNOLOGY 

Mr  Coleman.  Good  morning,  Mr.  Chairman  and  members  of  the 
subcommittee. 

Toda>f  1  am  going  to  report  on  the  activities  of  the  National  Sci- 
ence Board  Commission  on  PrecuIIetje  Education  in  Mathematics, 
Science  and  Technology^  of  which  I  have  the  privil^e  of  being  co- 
chairman.  I  wilt  not  otherwibe  comment  on  the  activities  or  plans 
of  the  Nation?!  Science  Foundation.  Dr.  Knapp  and  Dr.  Branscomb 
win  cover  these  itenns. 

As  you  know*  the  Commission  was  established  in  April  1982  by 
the  National  Science  Board  in  response  to  a  well -documented  de- 
cline in  precollege  stud^^nt  participation  and  achievement  in  math- 
ematicst  science,  and  technology.  That  decline  is  occurring  at  the 
same  time  that  this  societ>  and  American  jobs  are  becoming  more 
and  more  scientifically  and  technologically  oriented. 

Other  industrial  nations  spend  more  time  in  the  classroom  on 
education  in  mathematical  science,  and  technology  and  turn  out 
more  mathematicians,  scientist,  and  engineers  per  capita  than  we 
do. 

As  we  said  in  the  Commission's  tirst  interim  report: 

Inipnjvift  prt'^tdhoji  Litjzt^ns  m  tht^  fields  uf  mdtht^infitjc^.  scJL'nc'V  ^nd 

K  iilrvngth.  mtl«Uir>  ,^^?vilrit>.  ^.omir.jUnent  t*>  thu  dtmotratic  id^.*ijl  of  an  informed 
and  piirtitiptilin>;  tili^uno.  and  U^adci^hjp  in  mcdht-niiUiOj*  ^tienoi:.  iind  tcthnologj 

There  is  no  need  for  me  to  elaborate  further  on  this  topic,  I 
admire  the  way  >ou  have  seized  the  problems  and  intend  to  do 
bomething  about  them.  The  Commibbion  iy  moving  tow<trd  formu- 
lating recommendation^  f:?r  solving  these  complex  probl  us. 

In  establishing  the  Commission,  the  NSB  recognized  the  need  for 
a  new  and  fresh  look  at  the  way  mathematics  and  science  educa^ 
tion  is  provided  at  the  precollege  level  in  this  country, 

CIearl>  the  old  ways  are  not  working  well  enough.  Moreoveri 
education  about  technology  is  virtually  nonexistent  at  the  precol- 
lege level.  To  get  that  fresh  look,  the  NSB  convened  our  group  of 
20  from  virtually  all  sectors  of  society. 

Our  members  include  representatives  of  State  and  local  govern- 
ments, business  and  indubtr>»  precollege  and  higher  education*  the 
profe^}Sional  bcience  and  engineering  communities*  the  militar>,  the 
media,  and  the  law. 

Before  our  deliberations  began*  some  commissioners  were»  and 
some  were  not*  experts  in  precollege  education,  although  all  are  ex- 
perts in  their  respective  fields. 

This  diversity  in  the  backgrounds  is  one  of  our  uniqus  strengths, 
Clemenceau  once  said  that  war  is  a  much  too  serious  matter  to  be 
left  to  the  military.  Likewise,  the  education  of  our  children  is  too 
important  to  leave  Solely  to  professional  educators. 

We  hope  that  our  joint  perspective  will  be  novel  and  fresh  and 
will  reflect  a  real  grass  root*  involvement  We  expect  that  our  rec- 
ommendationst  which  are  due  out  in  final  form  in  Octob(?r  of  this 
year^  will  include  new  and  more  productive  ways  of  looking  at  not 
so-new  problems. 
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TIk*  NittKjriii*  SiH-niv  llourd  chiii^^vd  (he  Commiijj%Jon  with  pro- 
ducing an  t^xphcit  [dan  of  aihon.  We  are  no:  doing  just  another 
study  of  what  i&  wrong  with  precollt^tje  educat'on.  Our  charge  is  to 
examine  the  appropriate  roles  lor  varioub  groups  and  individuals 
and  to  arrive  at  a  ^et  of  principles  and  strategies  to  guide  efforts  at 
improving  precollegv  education  in  this  country.  I  assure  you  we 
will  accomplish  our  goals  and  mission. 

Recognizing  the  diverMt^  in  commibis^ oners*'  background  and  ex- 
pertise, as  well  ab  our  unique  charge,  we  organized^our  activities 
into  three  phases.  In  fact,  wt?  c^ompleted  the  first^hase,  problem 
deHnition,  at  our  first  meeting  in  July  1982, 

We  then  publishud  a  problem  definition  statement  as  our  first 
report  titled  "Today's  Problems,  Tomorrow's  Crises," 

More  than  30,00()  copies  of  this  report  have  been  circulated  to 
date,  including;  copies  to  each  of  the  Nation  s  15,rt00  school  districts. 
We  pubh.^ht^  thi^  ivporl  because  we  believe  that,  although  many 
profcssionul  educators  ma>  have  long  been  aware  of  the  precollege 
education  problems,  most  other  communities  have  not  shared  that 
knowlodgu.  We  ht^lieve  that  a  root  cause  of  precollege  education 
problems  is  a  lack  of  broad  public  appreciation  of  the  need  for 
mathematics  science,  and  technology  education  for  all  students 

Mark  Tw«in  once  said  that  a  "classic"  is  something  that  every- 
body wants  to  nave  read  and  nobody  wants  to  read. 

Most  people  know  that  the  Nation  needs  people  who  understand 
mathematics,  science,  and  technology,  but  many  don't  appreciate 
the  importance  of  unden^tari  !ing  It  themtielves  Publishinjj  our  first 
report  was  one  way  the  Commis&ion  could  contribute  to  increasing 
public  awareneisSv  a  ^;ondition  we  consider  essential  if  our  ultimate 
recommendations  are  to  be  effective. 

At  that  first  rr^eeting  we  agreed  on  the  three  goals  that  Ameri* 
ca  s  educational  system  must  achieve  with  respect  to  mathematicsj 
science,  and  technology.  They  are:  To  continue  to  develop  and 
broaden  the  po>l  of  students  who  ar*^  well  prepared  and  highly  mo- 
tivated for  advaii^t-u  *^treers  in  mathematics*  scien^,  and  engineer* 
ing,  that  i*i,  training  the  elite  and  the  superp-tars.'lt  is  my  under- 
standing todayi  with  respect  to  producing  those  outstanding  scien- 
tists who  win  their  share  of  Nobel  prii;es,  that  America  still  stands 
first 

Second,  to  widen  tht  range  of  high  quality  education  offerings  in 
mathematics!  science,  and  technology  at  ail  grade  levels,  so  that 
more  studt^nts  would  bv  prepared  for  and  thus  have  greater  options 
to  choot.e  among  technical ly-orien ted  careers  and  professions.  So 
far  1  cannot  make  the  same  statement  that  the  United  States 
maintains  a  position  of  leadership  witb  respect  to  that  second  ob- 
jective 

Third,  to  incn^ase  the  gerivrat  mathematics,  science,  and  technol- 
ogy literacy  of  all  citi/^ns  for  life,  work,  and  full  participation  in 
the  society  of  the  future. 

As  you  know  in  Con^jressi  there  are  many  public  issues  that  a 
full  undertitundjng  means  the  public  must  understand  scientific 
terms  and  the  pioblenis.  In  this  task,  we  are  not  where  we  should 
be. 

These  goals  emphasize  the  complexity  of  the  problems  we  are 
trying  to  addres^.  We  are  not  just  seeking  to  maintain  current 
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iiuiuljtTs  ui  UK  II  iUM^  i\u  uumhi  i>  oi  |^r^^'t*s^JonJl  bcienti&U  and  en- 
^iiHi,*i.s  Wf  t\\^it  .III"  umX  jusi  ltAikiiij4  *it  tf*  *  pupulation  eventually 
planning;  to  enter  tecliniral  careers. 

We  believe  a  bruad  understanding^  of  mathematics,  science,  and 
tev.hnolu^>  l^  e>seiitlal  fur  ail  citi/ens  in  a  free.  ept*n,  democratic 
.  jLiet>  if  the>  dre  ^ujnj^  tu  Junction  prupt*riy  in  the  last  two  dec- 
.ide.s**i  the  a*ntur\  Our  dtttnti^yn  \s  fo^u^ed  to\\ard  all  people 
uh(^  must  Ii\e.  v^ork.  and  funeUon  ni  the  ;jocjet>  of  the  future. 

In  addition,  ri-ali/o  that  mathematics,  science,  and  technology 
c^U(.atiun  du  not  t*xi.st  m  a  vacuum.  Wt*  cannot  simply  increase  our 
emphasis  on  those  .subjev,ts  at  the  expense  of  i^ther  critical  areas 
such  as  reading,  foreign  languages  or  history. 

Aft  m>  cocomnn.sMoner.  Governor  Evaris.  recently  testified,  skills 
^  in  c^miniu  meat  ion.  \^ritin^,  clear  and  logical  thinking,  and  a  sense 
of  proportion  fr<jm  llu*  huni.inities  are  nece;5H^r>  tu  keep  up  with 
thf  kMowledf^e  n^^eded  m  a  rapidlx  chdni;aig  soL'iely.  Thus  the  prob- 
lem of  allocation  of  iducatiunat  timv  is  inji)urtant  for  there  are 
only  so  many  hours  in  the  day.  ^ 

hi  ihis  regard,  it  is  noteworthy  t^at  in  the  United  States  the 
t^pKal  school  >ear  consi&ts  ul  IHO  day.  ,  a^  contrasted  with  240  days 
jn  Japan  The  t>pieal  school  da\  in  the  United  States  is  o  hours 
lon^,  o  days  j>er  week,  compared  with  i\-  oi  ^^-^hour  da>s  and  a  G-day 
school  WLS.*k  ill  ulhrr  countries.  Thes<^*  difTeremes  are  just  one  of 
the  man>  <ireas  whkh  vt<^  ari*  considering  m  formulating  our  rec- 
ommendations. 

The  M*cond  phase  jf  oui  work  was  also  begun  at  our  first  meet- 
ing in  Jul>.  ThJ>  p».»tse  wa^  demoted  U>  examining  and  analyzing  a 
wid<'  ranKe  vi  model  progranjs  that  might  haw  special  features  de- 
serving broador  application  in  other  settings. 

To  c<irr\  out  thesr  task.s.  we  ha\e  di\  ided  our^elves  into  four  task 
groups,  eav.h  focusing  on  the  acti\ilies  and  interest  of  one  sector  of 
sucjet>  One  t<isk  gioup  focUscs  on  Federal,  State,  and  local  govern- 
ments. Another  looks  at  the  direct  ediicatois,  such  as  teachers  and 
schjul  .Klministrators.  The  third  focuses  on  those'  indirectly  in- 
\ulved  in  precollege  t^ucalion,  such  as  <iss«, relations  of  professional 
scientists  and  eumneers.  institutions  jf  higher  education,  business, 
an<^  industry.  The  fourth  group  ft)cusi*s  on  those  who  receive  or 
rinpto\  the  output  of  the  educational  .s>.ste<n.  such  as  the  military 
an/i,  iigaln.  busine>:s  and  mdnstry. 

The  four  ta.sk  groups  each  added  three  to  fixe  nioie  members  to 
broaden  then  expertise  The>  made  m.iiu  site  \isits.  participated 
in  nunieroUs  conferences  and  woiL>ho|Js.  and  met  with  hundreds  of 
groups  int(*resti*d  in  precollege  educnt ion. 

hk  additjoo,  the  (  ommissiun  held  a  public  he.iring  on  the  topic  of 
acTtss  to  qu.d*t>  educaticjn  for  all  citi/ens  m  IVcember  at  the  Ferii- 
bank  Science  <  enter  in  Atkmta  The^-  varic*d  acthities  are  summa- 
rJ/"d  in  our  interim  report  to  the  National  Science  Board  Issued  on 
January  2t),  lJ)s:i 

In  addition  to  making  site  visits  aad  meeting  with  diverse 
i^roups  the  ConnniM>ion  ha*s  began  a  proee^b  that  we  believe^  is 
critical  to  the  ultimate  success  of  an>  t*ff*>rts  to  improve  precollege 
education 
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The  Nation  nt^i^a  to  know  what  it  is  we  want  students  to  know 
Or  to  be  able  to  do  muthuinatks^  bcience^  and  technology  when 
they  finish  secondary  school. 

We  need  to  know  the  goals  or  targets  of  precollege  education  in 
thife  area.  Therefore^  we  have  commissioned  wcrkshops  and  studies 
directid  explicitly  toward  that  question^  for  mathematics,  for  sci- 
ence»  and  for  technology. 

We,  of  course,  do  not  expect  to  provide  deflnitive  answers  to  such 
a  complex  questic,  by  the  end  of  the  Commission's  short  life.  But 
we  shall  disseminate  widely  the  results  of  those  workshops  and 
studies^  with  the  hope  of  stimulating  others  to  answer  the  impor- 
tant  qtiefition  what  exas^tly  it  is  we  are  directing  our  education  ef- 
forts toward, 

I  expect  that  among  the  Commission's  rE  commendations  will  be 
suggestions  of  how  that  defining  process  might  procef^d  and  who 
should  provide  the  necessary  leadership. 

The  Commission  has  already  begun  to  develop  recommendations, 
are  planning  to  have  a  small  set  of  tentative  recommendations 
available  for  testing  in  a  public  forum  to  be  held  in  Houston,  Tex. 
on  March  26*  We  will  continue  an  interactive  process  where  we 
continuously  test  out  our  evolvi:.^  recommendations  on  our  eventu- 
al audiences. 

We  shall  remain  in  contact  with  this  committee,  so  that  your 
thoughts  and  reactions  to  our  tentative  recommendations  can  be 
incorporated  into  our  thinking. 

In  conclusion*  I  will  attempt  to  give  you  some  flavor  of  what  I 
expect  our  report  and  recommendations  might  look  like.  But,  first  I 
would  like  to  reiterate  just  how  complex  an  issue  the  precollege 
education  problem  is. 

At  one  point  in  our  deliberations  we  created  a  matrix  with  as- 
pects of  the  problem  on  o  le  axis  and  the  players  on  the  other  axis. 
That  problems-by -players  matrix  had  1,200  cells  in  it.  Given  this 
complexity,  and  the  fact  that  there  are  16,500  school  systems  in  the 
United  States,  I  doubt  that  we  will  find  any  simple*  yet  effective, 
quick  fixes. 

Second,  we  will  be  searching  both  for  solutions  to  the  immediate 
problem  and  for  mechani&mo  to  prevent  recurrence  of  the  problems 
in  the  long  term.  For  we  all  must  keep  in  mind  that  the  sputnik 
crisis  occurred  only  2o  years  ago.  That  activated  m^ny  activities  on 
the  part  of  the  Federal  Governments  but  yet  we  are  once  again 
back  in  a  c/isis  era. 

At  our  Januarj;  meeting  we  decided  that  we  ivill  begin  by  looking 
at  four  broad  topic  areas  and  asking  what  various  groups  or  sectors 
might  do  in  each  of  them. 

The  four  topic  areas  include,  the  curriculum,  the  condition  of  the 
teaching  profebsion*  public  perceptions  and  student  attitudes^  and 
the  effective  use  of  modern  technologies  in  education. 

We  aie  also  examining  how  we  can  use  nonschool  resources  to 
supplement  school  resources  until  all  the  needed  skills  are  present 
in  the  schools. 

In  each  case  we  shall  be  a^\ing  what  various  groups  should  be 
doings  when^  and  how.  As  I  mentioned  before^  we  shall  begin  test- 
ing our  tentative  recommendations  at  a  public  forum  to  be  held  at 
the  end  of  March  in  Houston,  We  hope  to  be  in  close  contact  with 
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our  eventual  uudifnces  throughout  the  recommendation  develop- 
ment process. 

We  believe  the  only  way  to  get  read  impact  for  our  recommenda^ 
tions  is  to  obtain  general  agreement  in  advance  from  those  who 
will  have  to  carry  them  out 

In  closings  I  wish  to  thank  the  committee^  and  I  would  like  to 
submit  for  the  record  copies  of  the  Comml£>sions  first  report— stat- 
ing the  problem— and  the  interim  report  of  its  activities. 

Thank  you  for  your  time.  I  am  looking  forward  to  an$\.ering  any 
questions  you  may  have. 

[The  prepared  statement  of  Mr.  Coleman  follows:) 


Thank  you  Mr  Chairman  and  Members  of  the  Stibcommittee-  Uy  name  is  Wil- 
liam T  Coleman,  Jr  Thanks  for  this  opportunity  to  report  to  you  on  the  actmtjes 
to  date  of  the  National  Science  Board  Cummisbion  on  Precollege  Education  in  Math- 
ematic!^  Science  and  Technology,  of  which  I  serve  as  Co-Cha*r.  I  will  not  otherwise 
comnient  directly  on  the  activities  or  plans  of  the  National  Science  Foundation.  Dr. 
Knapp  and  Dr  Branscomb  will  cover  those  items. 

Our  Commission^  as  you  know,  was  established  in  April  1982  by  the  National  Sci' 
ence  BtMird  in  response  to  d  well  documented  decline  in  precoHege  student  participa- 
tion and  achievement  in  mathematics^  science  and  t^hnology.  That  Oechne  xs  occur- 
ring at  the  same  time  that  our  society  and  American  jobg  ar«  becoming  more  and 
more  scientifically  and  technologically  oriented. 

Other  induistrial  nations  spend  mo»  time  in  the  classroom  on  education  m  math- 
ematicsi  science  and  technology  and  turn  out  more  mathematicians^  scientists  and 
engineers  iper  capita)  than  we  do.  As  we  stated  in  our  Corri mission's  first  interim 
report: 

'Improved  preparation  of  all  citiwns  in  the  fields  of  mathematics^  science^  and 
le<,hnology  is  ^sential  to  the  development  and  maink'nance  of  our  Nation's  econom- 
ic stren^hr  military  security,  commitment  to  the  democratic  ideal  of  an  informed 
and  participating  cltl£e^Jyr  and  leadership  in  mathematics^  science  and  t^hnolc^/' 

There  is  no  need  for  me  to  elaborate  further  on  the  serious  conse^iuences  which 
could  befall  our  nation  if  our  expertise  in  these  areas  lags  behind  tne  rest  of  the 
world  Our  Commission  is  moving  toviard  formulating  reLommendationt  for  soKmg 
these  camplex  problems. 

In  establishing  the  Comn^ission,  the  NSB  recoignj^d  the  need  for  a  new  and  fresh 
look  at  the  way  mathematics  and  si:ience  education  i&  provided  at  the  precollege 
level  in  this  country  Clearly^  the  old  ways  are  not  vvorking  well  enough.  Moreover^ 
education  about  technology  is  virtually  nonexistent  at  tbe  precollege  level  To  get 
that  fresh  look,  the  NSB  convened  oar  groap  of  20  from  virtually  all  sectors  of  soci- 
ety Our  memberi>  include  representatives  of  i>tate  and  local  governments*  business 
and  industry^  precollege  and  highei  education^  the  professional  science  and  engi- 
neering communitiei>r  thr-  military,  the  media  and  the  law  Before  our  deliberatjons 
began*  some  Commissiunet^  were  and  some  wore  not  experts  in  precollege  educa- 
tion, although  all  are  experts  in  their  respective  flcldu.  This  diversity  in  the  back- 
bounds  of  our  commissioners  is  une  of  our  uni^utf  btrengtha.  Someone  said  that  war 
IS  a  much  too  serious  matter  to  be  left  to  the  military.  Likewise^  the  education  of 
our  children  is  too  important  U>  leaie  solely  Jj  professional  uducator^i.  We  hope  that 
our  joint  perspective  will  be  novel  and  fresh  and  will  nflect  a  real  gross  roots  in- 
volvement We  expect  that  our  ncommendationb*  wbiih  are  due  out  in  final  form  in 
October  of  this  year>  villi  include  nevi  and  more  productive  ways  of  boking  at  a  not- 
8o*new  problem. 

The  National  Science  Board  charged  oar  Commission  with  producing  an  explicit 
plan  of  action.  We  are  not  doii^  just  another  study  of  vihat  is  wrong  with  precollege 
education.  Our  charge  is  to  examine  the  appropriate  roles  for  various  groups  and 
indiiiduaK  and  to  arrive  at  a  set  of  principles  and  titrategies  to  guide  efforts  at  im- 
proving precolL'ge  eduuition  in  this  t^ountry.  We  will  accomplish  our  goals  and  mis- 
sion. 

Reco^izing  the  diversity  in  Commissi  oner's  background  and  expertise^  as  well  as 
our  unique  cnarge^  wo  early  on  organized  our  activities  into  thrae  phases^  In  fact 
we've  completed  the  first  phase -problem  deflnition-at  our  first  meeting  in  July 
1982.  We  then  published  a  problem  definition  statement  as  ouj  first  report,  titled 
Today  *  Prxtbiems,  Tomorwitr  s  Crises.  Over  30^000  copies  of  this  report  have  been  cir- 
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published  ihiu  rt'port  tHi«ium'  vtr  hrlirvt*  ilmt  nUhuugh  m<\ny  professional  educators 
Tnny  have  ionf^  bhvn  tW^nrv  of  ihf  pritxvllci^i;  (^ui-utiun  problem*  most  other  commu 
nitjes  have  not  shared  lhaC  knuvtlcdk^t^  And  ^e  believe  that  a  rt)ot  cause  of  pre^ol- 
te^e  education  problems  is  a  l^ck  uf  broad  public  appre<.iaijon  of  the  need  for  maih, 
science  and  Cechnolt^  education  fur  all  students  Mark  Tivain  once  said  timt  a 
'classic"  IS  isometlung  thdt  everybody  v^ants  to  \\avc  read  and  nobody  wants  to 
read.  Most  peoplt?  know  thiit  our  nation  needs  people  who  understand  mathemat 
jcsr  science  and  tt^chnoI^Vr  but  miiny  dun't  appreciate  the  importance  of  under 
standing  it  tht^mselves  Publishing  our  Tin-l  repurl  was  one  W'^J  we  could  contribute 
to  increasing  public  awarenessr  a  condition  consider  essential  if  our  ultimate  rec 
ommcndatJons  are  tc  be  efTective 

At  that  first  meeting  wc  alw  ^grt^t'd  ^>n  tho  three  jioals  which  America's  educa- 
tional system  must  avjhicve  with  r^'spect  iu  muth.  science  und  technol<>gy  They  are 

To  continue  to  develop  ^ind  broacien  the  pool  of  students  who  are  well  prepared 
und  highly  motivated  for  tid\ani;ed  careers  in  mathematics^  faience  and  en^^inecring 
(i.e  r  training  the  elite  and  the  Superstars^; 

To  widen  Cher  raiigo  of  hitth^uality  edu<,ation  ofTenngs  i.  math,  science  and  tech 
jjofogy  at  all  grade  levels,  h*j  that  more  students  would  be  prepared  for  and  thus 
have  greater  options  lo  choos^'  ^imong  te^hnkully  oriented  careers  and  professionSi 
and 

To  incr<;ase  the  general  mtithematjc^,  science  and  technolo>gy  literacy  of  alt  citi- 
zens "for  life^  work  and  full  participation  in  the  society  of  the  future 

These  gonb  emphasize  the  complexity  of  the  problom  we  are  trying  to  address 
We  «re  not  just  sw^king  to  maintain  current  numbei^  or  increase  the  numbers  of 
profehSLunal  scienti&i»  <ind  engineers  vt^  alsu  aro  not  Just  looking  at  the  popujatlon 
eventually  plannmg  Ui  enter  t('<.hnical  careers  >^e  belieVe  a  broad  understanding  of 
mathcmaticH,  ^itic'nce  and  technology  i^  essential  for  .  citizens  in  a  free*  open^ 
dcmocratii;  soiit*tv  Qur  ntteriCion  is  focused  toward  all  peo'^te  who  must  live*  work, 
and  function  in  the  swiety  of  thi*  future  In  ^idditionr  we  re^li^  that  mathr  science 
and  technology  edutatiuti  do  not  t*xist  in  ii  vacuum.  We  cannot  simply  Increase  our 
emphasis  od  those  subject*?  at  the  exp(*nse  of  other  critical  areas  such  as  reading, 
foreign  languages  or  hiMory  As  my  co-conimj^ionen  Governor  Evans  said  when  he 
testified  before  another  Hoast?  Sutx;onimLttee  ip  September.  "skjUs  m  communica^ 
tion,  writing,  clear  and  logiail  thinking  and  a  sense  of  proportion  from  the  human- 
ities are  necess^iry  to  kf^p  up  with  the  knowledge  needed  in  a  raptdly  changing  soci- 
ety "  Thus,  the  problom  of  allocation  of  educational  time  is  imporiant  For  there  are 
only  so  many  hours  in  the  day.*  In  this  regard,  it  is  noteworthy  that  in  the  United 
States,  the  tvpical  school  yeur  consists  of  180  days,  as  contrasted  with  240  days  in 
Japan  The  typical  school  daj  m  the  United  statos  is  five  hours  k)ng,,rive  days  per 
week,  compared  with  six-  or  oitcht-hour  days  and  a  six-day  school  week  in  other 
countries*  These  differences  are  just  unv  of  the  n^any  areas  which  wc  are  coniider- 
ingin  formulating  our  recommendations. 

The  second  phase  of  our  work  was  also  begun  at  our  first  meeting  in  July  This 
phase  VitiA  devoted  to  exaniining  and  anabsmg  a  very  wide  range  of  model  p>'0- 
grams  that  might  hav<;  special  features  thjt  would  mont  broader  application  in 
other  s<?ttir>gs  During  the  tetond  phase,  wo  also  established  contact  with  a  wide  va- 
riety of  organizations  and  individuals  with  inter'St^  and  activities  related  to  precol- 
lege  education.  We  hoped  to  learn  their  views  of  the  problem  and  of  appropriate 
remedies 

To  carry  out  these  tasks  we  have  divided  ourselves  into  tour  Task  Groups  each 
focusing  on  the  activities  and  interests  of  one  sector  of  our  seci''iy  One  Ta^k  tjroup 
focuses  on  Federalr  State  and  local  governments.  Another  look'-  at  the  direct  educa- 
tors, such  as  teachers  and  school  administrators  The  third  focuijts  on  ^hosc  ind^-ect 
ly  involved  in  precollcge  education,  such  as  associations  of  professional  scientists 
and  cni^ineers.  institutions  of  higher  educution,  business  and  industry  The  foiirrh 
group  focuses  on  those  who  receive  or  employ  the  output  of  the  educational  sysf^m< 
such  as  the  military  and,  again,  business  and  industry 

The  four  Task  Groups  each  added  three  to  five  additional  iiiemben?  to  broadt*n 
their  expertise.  Thev  made  many  site  visits*  participated  in  numerous  conference 
and  work  shops,  and  met  with  hterali^  hundreds  of  groups  with  interests  in  precol- 
leffc  education  In  addition,  the  Commission  held  u  public  hearing  on  the  topic  of 
"access  to  quality  educution  for  ull  citi/ens"  in  December,  at  the  Fernbank  Science 
Center  m  Atlanta.  These  varied  iittivitJes  are  summarised  in  our  {ntmm  Report  io 
ike  National  Science  Hoard  issued  on  January  20,  IS)>J3. 

In  addition  to  making  site  visits  and  meeting  diverse  groups,  the  Commi&sion 
has  begun  a  process  that  we  believe  is  critical  to  the  ultimate  success  of  any  eiTorts 
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to  intf>rii\f'  j^n^iJU^'t  nlui.iljoti  Tfit  uaUoii  iif't'ds  lij  knuw  wh^tt  li  ib  Vii.*  want  i>tu- 
tit  lit-'  t<i  kitim  iif  !<■  \n  .iLjJf  Ui  tji>  iJi  jhiiJhH  diiJ  u'ih[u4o^>  when  they  finish 

xUir^  Tht    E'urt\  v^t^  tM\i  cummuvfiL^nt'ij  wi^rkshuj^  ami  i»tudjej*  dire^Ux)  t.*xpii- 

Lit>  ici^^^ifd  linjt  qut^itoji  -  fur  tnaXht  for  SLU'ULt  and  fur  U^chnolu^o^  Wts  uf  course, 
Jo  Oi^l  t-\(H'Lt  u>  firt^tidi'  Jifjftitut  (itii>iM;rb  buth  <i  *.unipk*x  i^ae&tion  b>  the*  end  of 
thf  t\jiiii]jis>it*n  :*hurt  iiff'  llui  i>h(ill  dii^M•min*^tt  i^jdcly  tht*  rcitulu>  of  thost' 
K>irk:^h<>ji?i  tiim  r^tuj^o.  ^iiU  [h^'  hupt'  ufsuiNuLilm^  ulht- rs  to  an^wor  the  tmporlant 
*t^t^Uoii  <jf  v^h^t  f.Mitl>  jt  i:.  v,i'  djrfvtmji  i>ur  *^Jui^itjon  tfTorl^  toward  I  expect 
thjt  ^Lnj<Mj>;  Ihv  (Vn  rrur^sum  s  rt xuinn^  ndiiUt^jih  aJJ  U  bu^f^iL'tilJutib  ,of  hovv  that  dc*- 
Hjiui^j  pr^^'i»  nu^ht  pr^Kt'i'd  and  i^ho  sWuJd  i^nAjJ^  the  neu'j*i>ary  W4dt'rbhjp 

Tht^  (  urumi^ioN  hvMt^n  it.^  Uiird  i^h.JM  i^l  (iLt]\Lt>  <it  Jt^  mo!>t  recent  meeting  in 
Jdriuar>  ThL-<  ph.iM  i{«  anned  ttl  Ir^t^mn^;  n  Lonmit-ndahuii^  .ind  the  appropriate 
nH\h>inisms  fur  ^mplt  nk-nlm^  thi^ni  At  that  meeting  vve  !>f^Uxled  broad  top*c  area^ 
ItjHrard  ^huh  uur  injluiL  fffurtij  wjl  be  dire*.led  We  are-  planning  to  have  a  small 
<yi  tij^ative  rL\onin*tndatjons>  atailahW  ft^r  U>t»ni;  m  a  public  fornni  to  be  hi*ld 
tn  lh*u.<.lvn  on  Mar^h  J*j  VW  tuntinue  an  intt  raL'tj\e  procetij  whert?  we  continn- 
oUrJv  t<:^t  4>oi  i.ru[  t\oKHL^  r4\ onunendat jons  on  i^ur  t^^t^ninal  audiences^  We  bhaW 
rtm.tm  ni  Loi^ai-t  ^ith  thi:^  (V^nnUitlt t-n  that  >our  thuu^^ht^  .ind  reactions  t(>  our 
teritatJH'  r<*commt nd.it ji^ns  uin  bt^  ini^orpurated  into  uur  thiakin^; 

[  .mi  ^orr>  that  1  ^annot  >et  bUare  \^ith  >on  any  firm  reeommejidations  We  are 
-ttjtl  var[>  in  tK^  development  proteiji'  But  1  can  K^\<:  >on  some  flavor  of  ^hat  I 
i^^M-i^t  jar  rt^|x>r*  and  r^^mmendations  miRhl  look  like 

FirMn  J  woald  iikt  (t>  reiterate  ju>t  huw  Lomplex  an  i&sne  the  pret^oll^K*^'  edneation 
lauhJt  ni  At  itTiv  punil  ^n  our  dt  liberations  L\e  ert  ated  a  matrix  with  a^pect^  of 
tla  proUt  n*  '  n  tht  ^*ther  a\is  That  problems  b>  players  matrix  htid  cells  in  it. 
'htin  thi.<.  k>>iiipltxit>.  and  the  fa^t  that  there  are  HiwiJO  school  ^vsiems  in  the 
C^niit'd  Stalls.  1  di^iiht  that  v,v  will  find  an>  bimple^  >et  effective. '  quick  fixu^/' 

Second,  \\K  hi  ^^^^i.h^uK  buth  f^^r  s^>lution.<.  to  the  immedute  problem  and  for 
nti.liani.^in>  t>>  present  ri'<  arreiKe  i^f  tPie  problems  in  the  loii^  term  For  we  all 
jiiuM  ki'^^p  jn  niind  that  the  Sputnik  (.iihi^  o^Lurr^^J  oiil\  2'*  >earb  ago  Many  pro- 
grams v^vTc  ihstuuted  ri^iht  after  Sputnik,  yet  here  we  are  aK^tin. 

At  our  January  mt^eim^;  dev.id^^  th^tt  wo  will  be>;in  by  look^n};  at  four  broad 
topit  artaiv  .in  J  a>kai>;  a  hat  wirnju.<.  >;rouj>h  oj  ^evtori>  m*K^t  do  in  each  of  them  The 
fuLir  lop^L  ar^as  UKlnde  the  LurrKulunL  the  condition  of  the  teauhing  profession. 
f^aUiL  fnTL^pU^n^  and  &tud<.nt  allAude^.  .tnd  the  etfevtive  u.>>e  of  modern  technol- 
Kt^tii*  in  LHlui.atik>n  We  .ire  also  examining;  hi>i\  Ae  can  UiAi  non-^LhooL  resources  to 
Mippleua  ut  i^hotd  rti*ourit>  uniil  all  the  needed  are  pre?*nt  m  the  schools  In 
e<Kh  iaH.  Vfi  .«h  ill  bt  .i^kin^  vvhal  ^ar^iUb  ur04i|)s  .>>hou]d  be  dL>m>;.  when  and  how 
.V«  I  nnnlioni'fi  beh>r<..  ive  >h.ilL  tie>;ir;  ie.\tin>;  out  tenUtive  rei^ommendalions  at  a 
pulJt^  forum  o  Im'  held  at  the  er^d  of  March  in  Houston  We  hope  to  be  in  close 
ioiiUut  sviih  ujj*  sMiUujI  aajien^e^  thn^ojd^out  the  rtcommendation  development 
f*^^K^^^^  For  vn^  b*  Ut  \v  Jie  onI>  A.ty  have  our  rt\ommenddiions  have  reiil  impact 
IS  fi>r  there  to  bv  general  a>;reemeni  m  .tdvan^e  froni  th*/se  ^hit  will  ha\e  to  carrj 
thom  otit. 

tn  lIomm^.  I  v^ould  like  to  submit  lor  he  re^i^rd  LOpiej*  of  iht^  (ommishion's  fir^t 
n  tHjrt.  ^tatin^  ihv  probk-ui.  and  its  inlet im  rt  pi^rt  I'f  aUivihes  Thank  y<^u  for  your 
imir  1  am  Ith^kin^  forwar<j  to  anhi^erin^^  arty  ijuestioiis  von  n^ay  hjive 

Mr.  Walokkn.  Thank  you  very  much,  Mr.  Coleman. 

We  appreciate  that  submission  and  perhaps  we  will  have  the 
staff  look  at  the  two  reports  >ou  have  .submitted  for  enclosure  of 
pertinent  part.s  in  the  record^  or  pt-rhapb  it  .should  best  be  simply 
rt^ferred  to.  rather  than  totally  incorpt)rated  in  the  text  of  the 
record. 

But  yuur  Cunimisbion  .s  ropurtb  uill  be  referred  tu  it  thi.s  Doiiit  in 
the  record. 

lTh(*  Commisston^  first  report^  *'Tuda>'^  Problems,  Tomorrow's 
Cri.st'.^.  *  fbllowM  Tht^  itit^'ntn  rq^irt  i.s  available  tii  the  subcommit- 
tee's; files,  i 
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NA I  lONAL  bCJLhCE  BOARD 
NATIONAL  SCJLNCt  FOUNDATIW 


October  t8,  1982 


V*"  *  W.E«  J*f 

W*LL*A*4M  coi'v  J* 
DAMt"l.J   TV  AM* 

ItOttlvT  •  LAltOH 
a«llAl.O0  «  Atia  AfH 
■tATMAITiM*  •  LAVIOm 
■  OTm  ■  LQV* 
AATWItO  MA0«tD^  ll 

rin«0E     It  M^Lrr  ixf  « 

P4.  rOAM  lAllf  MT 
lt«fl|TW  lAltHV 
•  fMjAMtH  r  t  A  VTOH 
JM%m  *  |K>WE 
Mf4H«AT  A  ItMaH 


Dr.  Uwls  BranscoDb 


National  Science  Board 
Matfonal  science  Foundation 
UftSh1h9ton,  DX.  20S50 


Dear  Or.  Branscodb: 


Me  are  caost  pleased  to  transratt  to  you  the 
first  formal  report  of  our  Contnisslon* 
*Today*s  Problems,  Tenorrow's  Crises/  This 
report  represents  the  Ctxmtissloh's  assesstnent  of 
the  condition  of  precollese  education  In 
mathematics,  science  and  techholo^y  In  this 
country. 

The  problems  suonarfietf  In  our  report--1f  left 
tinresoivetf"u111  escalate  1n  the  years  ahea^. 
Thus,  all  Americans  nee^  to  rec^nU?  the  broad 
loportance  of  nathenatlcs t  science  aiid  technology 
In  the  education  of  our  youth.  We  hope, 
accordingly,  that  our  report  w111  receive  ulde 
dissemination. 

The  seriousness  of  the  current  situation 
underscores  the  Cocnniss  Ion' s  resoWe  to  develop, 
during  the  r^naln^r  of  its  life*  an  ajenda  for 
action  for  all  sectors  of  society- 


Si  nc  ere  )y. 
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Todey'dProblemSrTomorrow'sCrfses 


Introduction  Across  ihc  Cnu«d  Suites*  Lhcre  js  cscalatLng  ^vhareness  ihdL  our 

educaijonjkt  systems  are  facmg  inordinate  d&fncultiVslirtrytng  to 
meet  the  needs  of  the  Nation  in  our  changing  and  increasingly 
techiiologicul  Mcicty.  We  appear  to  be  raising  a  generation  ot 
Americans,  many  of  whom  lack  the  understanding  and  the  skills 
'  necessary  to  participate  fully  in  the  technological  ^forid  in  which 

they  live  and  work.  Improved  preparation  of  all  citizens  in  the 
Hetds  of  mathematics,  science,  und  technology  ts  essential  to  the 
development  aid  maintenance  of  our  l^ation^s  economic  strength, 
militury  sircurity,  commitment  to  the  democratic  tdeal^fan  in- 
formc4j  und  parttcipating  citizenry,  und  leadership  m  mathemattcs. 
science  and  technology. 

To  meet  these  endSi  our  formal  and  informal  education  systems 
must  have  the  commitment  and  the  capacity  to  aehieve  three  equally 
importunt  goals: 

*  to  continue  to  develop  and  to  broaden  the  pool  of  students 
who  ure  well  prcpured  and  highly  motivated  for  advanced 
careeis  m  mathematics,  "ictenc^  and  engineering. 

*  to  widen  the  runge  ^  ,»gh-Ciua)ity  educ^itional  offerings  in 
muthemutics,  science  and  tochni>logy  at  all  grade  levels,  so 
that  more  student^  would  be  prepared  for  and  thus  have 
greater  options  to  choose  among  technically  oriented  careers 
and  profession s.  and 

*  to  increase  the  geneml  mathcmancs,  science  and  technology 
literacy  of  all  citiz^^ns  for  hfc,  work  and  full  participation  in 
the  society  of  the  future 

The  first  goal  nccdv  littk  e?cp1anjtton.  since  maintenance  of  U,5 
scientific  and  technological  capacity  requires  superbly  educated 
muthcmattcijins,  scientists,  and  engineers^  As  the  total  number  of 
iH-year'Old^  in  the  population  continues  to  decrease  into  the  I990\ 
the  percentage  of  high  school  graduates  entering  prcprofessionaL 
collegc-Je^el  courses  in  science  and  engineering  must  increase  to 
nieei  future  manpower  needs  In  addition,  tu  meet  the  country's 
needs  for  CTcccllence,  creativity,  jnd  innovation  in  its  sctentific 
work,  we  muvi  develop  and  util^/c  the  tuknts  of  all  Americans, 
includmg  women  and  minorities  (now  currently  under  rep  resented 
111  the  science  and  engineering  profession>) 
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I  he  crKiCttI  vjIuc  of  ihc  $oci>nd  go^il  hits  bccojnc  widely  recognt^ 
during  the  past  lev.  >edrs  The  (,urrt:nt  g*ip  bclwccn  oppor tunnies 
for  iho$c  uLlh  and  withoui  crcdcntuK  t»  nuthcmaua*  science 
and  itxhnology  v.i\[  mcrejse  dumaticalfy  us  the  tcchnorogLc^l 
compleAm  of  U  S  socjcty  m creases  InduslnaHcadeis  hjve  kJcji' 
tLficd  the  current  shorijge  of  trained  technicians  a«  a  itiom 
h<krrier  to  incrtuscd  productivity.  Military  commanders  echo  this 
ct^ncern  ubiMX  their  ni^inpowcr  rct^uircmcnts  for  mceung  national 
seutirity  nceds^  In  such  professions  as  law*  jotirnalisni*  and  busi- 
ness Uianagcment*  there  is  also  a  growing  demand  for  men  and 
women  wilh  backgfouiiUs  jn  mathcinaticSv  science*  and  tech- 
nology. The  current  -rfnd  incfcas'mg  shortugc  of  citizens  adc- 
(fuatdy  prepared  by  their  education  to  take  on  the  tasks  needed 
for  the  dcvetomeni  of  our  economy,  our  culture*  and  our  secu- 
rity IS  fifihtl/chlled  a  crisis  by  tead<^rs  m  academe,  business*  and 
government 

The  third  goal  is  rooted  in  Thomas  Jeffcrson^s  familiar  dictum 
that  an  educated  cilii»mr>  is  the  only  safe  repository  of  democratic 
values.  The  life  and  work  of  Jefferson  and  others  maltc  clear  that 
a  hroad  understanding  of  the  rehitionshtps  between  science  and 
society  was  considered  by  early  Americans  ;is  integral  to  ihe  ideal 
uf  (he  Repubhe*  To  Jead  full  liva  and  to  pjrtJcTpafe  withrc^nfidcncc 
in  contemporary  American  society*  citizens  need  iin  understand- 
ing and  appreciation  of  mathemattes*  science  and  technology < 

This  report  reviews  the  status  of  math*  science  and  technology 
instruct  10 n^ in  our  educational  systems  and  exolores  some  oj  the 
key  problems  and  chaftengcs  facing  those  systems.  The  central 
conclusion  to  be  drawn  is  that>  kn  the  aggregai**  the  U.S  edu- 
cational systems  currently  ;ire  not  satisfactorily  achieviig  the  second 
and  third  goals*  and  (hey  will  need  assistance^  although  p^rf^aps  to 
*i  somewhat  lesser  e^tcnt.  to  meet  the  first 


fne  Principal 
Concorn: 
Dechi^ing 
Achievement 
and  PartfcEpation 
at  a  Time  of 
Increasing 
National  Needs 


Dat*i  from  a  nuniber  of  sources  have  documented  dectming  student 
achievement  in  mathematics  jnd  science* as  indicated  by  declines ini 

*  scjvntc  achievement  scores  of  U  S  17->ear-olds  as  measured 
in  three  n»*iiotial  assessments  of  scicnu:  ll%9*  I973*and  l^77|* 

•  mathematics  scores  of  L7-year^olds  as  measured  in  two 
national  *kssessments  of  mathematics  (1973. 197U).  thedeehne 
«  js  espccMlly  severe  m  the  areas  of  pr<ihlcm -solving  and  ap- 
plications of  nMthematies.  ^ 

•  m*ithemaltcal  and  verbal  Seholasiic  Aptitude  Test  (SATj  scores 
ol  students  over  an  IH^year  period  through  I^^O*  and 

*  students  prepared  for  post*secondary  study  Remedial  m*iihc* 
maiKs  enrollments  a,  four-year  msiituitons  of  higher  educ^i- 
itnn  nicreaNcd  72  percent  belv^een  1975  and  t^ilO.  uhde  total 
student  enrollments  increased  hy  only  seven  percent  At  public 
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rour  u-ir  tolkji^cs,  2*>  pccccitt  of  tht;  mutlicmutics  couches  w 
wr\f:^ijtl  jnd  ai  commumUv  colleges.,  42  percent  Jrv 

The  proporttoit  and  quaUfjcutJOn^  of  lii^h  seliool  seniors  »ho  ^^itt 
m<ijor  jn  mathemultcs.  science,  ^md  cngmeenitg  h.tvc  renr.mcd 
roughl>  eonsliini  over  the  paU  15  years,  ulihough  coMejjie  ;ngh 
occriitg  cnrollmenU  hj^e  m\rcased  steudd)  sinee  Ihe  niid-L970S 
f>oMic  sludeiti^  Atv  receiving  more  iiJvaiieeJ  experiences  in 
iccoiid^iry  vehool  seieiite  artd  maJhcmatic^  avindic^itcd  hy  per- 
fi^rnMiice  on  advanced  placement  kms 

Nonelhelcss.  adequate  m^ithemaiics  and  sctcnce  course  opporiu- 
nutcs  are  not  a\.tiht>Je  for  atJ  t^knied  and  motivated  students 
■\sin,in)  as  one-third  '^f  U.S  seconder)  schools  do  not  oHer  stiffh 
cteni  mathcmiitics  to  ifuald>  their  graduates  for  admission  to 
aecFcdiled engmeermg sehooK  Only  one-lhird  of  the  2I.(XX)  U.S 
hig^  schools  tv^ch  c.Uctilus.  and  fe^xcr  th^in  onc^third  offer 
phvsic^  courses  taught  hy  quahfjcd  phvsics  teachers 

rhetfvidence  on  sludeni  parficipiMion  ;ind  achievement  indicates 
a  \Mde  .ind  iriervasitig  divergence  ^u  ihc  amount  and  ijuahiy  of  the 
(iialhemancs.  science  and  technology  education  iicquircd  by  those 
^xhopUn  10  go  on  to  college  and  study  in  those  areas  <ind  by  those 
svho  do  m)t  Students  in  the  latter  category  generally  stop  their 
stud;  of  mathematics  and  science  at  n  relatively  early  age.  per« 
lorm  con^idcrahly  less  \\ell  on  achievement  measures  than  the 
Ciirecr-bound.  and  do  not  base  oppiirtomttcs  to  pursue  appro|>riaie 
courses  tn  eon  temporary  technology.  Only  nine  perecnt  of  the 
students  graduating  from  vo<:ationa]ly  oriented  secondary  school 
programs  jn  I9K0  took  three  years  of  science,  and  only  IS  percent 
tooi  three  or  more  years  of  mathematics.  Hcnce.  it  is  clear  that 
v\hde  the  nrst  goal  stated  in  the  introduction  presently  \\  being 
fiiintled  reasonahly  u.el|,  the  second  and  third  goals  4ire  not  In 
fact,  the  educational  s>stem  rnay  actually  have  earned  out  these 
latter  gcMlv  better  ZO  year^  ago  the  proportion  of  public  high 
school  students  (grades  9  to  12}  enrolled  in  science  courts  has 
declined  smCe  that  tjinc  Thu^.  the  principal  coneern  ^ith  siudeni 
parii^ipatjon  and  aefiievement  is  wjih  those  v,\io  do  not  plan 
LiirvN^fs  in  mathematics^  M^iencc.  or  engineering 

111  .addition,  vtjde  dilTeicnccs  persist  in  achievement  and  partici- 
p^ition  levels  among  studcnt\  from  diflercnt  social  {:r<nips  Women 
ha\c  tfaditn^nally  p^rrticipated  kss  than  m^i*  in  science. and  m-^mKm 
of  various  minority  groups  fspccincally,  if  aotexclnsiv 
tan  Indians,  Gfaek  Amerieans.  Mexican  Anieik  ^  h^^^o 
R:4,.ans]  have  participated  Icvv  ,iiid  performvd  less  \\ell  i  staud- 
ard  suence  arid  mathematics  a^^hietcment  tests  than  their  \xhitc 
counterparts  ApproMmaiely  20  percentage  points  separated  the 
n>atlieni<iiiv^  achievement  scores  of  17-ycar^old  blaeV  nnd  x^hite 
\tudejus  on  national  assessment  tests  m  both  l')73  and  I^Tii  Ap^ 
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prMrma(dy  FS  pert*n(yge points iepary led  ]7.year-old  Hjspanics 
and  v^hiics  in  boih  years  Between  197?  and  1978,  mne-year-otd 
black  students  showed  a  definite  improvement  in  performance  on 
m^ithetnaiics  achtevetnent  tests,  while  the  average  perfortnaitce  of 
nine-year-old  while  students  deglined  and  (hai  of  Hispamcs  re^ 
(n;iLncti  constant. 

SludKS  and  analyses  of  conditions  in  ihv  U  S  edacutional  system^ 
inetuding  boib  its  fornDal  and  its  informal  eomponenis— pOint 
to  four  problem^  that  eontnbuie  to  decbmng  student  participa- 
tion and  achievement  levels. 

Teachers 

Individual  teachers  have  considerable  discretion  in  the  seleciion 
of  course 'content  and  instfuctionuf  approaches  and.  therefore, 
play  a  pivotal  role  in  the  cducjitton  of  students.  Suf^rtor  teachers 
of  mathematics,  science  andUechnoiogy  can  motivate  students  to 
do  well  m  their  courses  and  can  stimulate  students  to  take  more 
advanced  courses  and  consider  technically  or  scientirtcally  oriented 
careers.  Mediocte  and  poor  teachers  may  dampemthe  enthusiam 
of  good  students^nd  fad  to  recognize  and  stimutate  the  dcvct- 
opincnt  of  potential  talents  in  o^hejs.  Therefofe,  the  documented 
shortage  of  superior  teachers  must  be  considered  a  prime  contrib- 
uting cause  of  decreasing  student  participation  and  achievement 
in  mathematics,  science  and  technology. 

There  is  also  a  growing  shortage  of  qualified  secondary  school  math-, 
emattcs  and  physical  science  teachers.  Fii  \9H\,  4J  states  fof  ^3 
responding)  reported  a  shortage  of  mathematics  teachers.  For 
physics  teachers,,  42  states  reported  such  shortages.  In  the  same 
year,  50  percent  of  the  teachers  newly  employed  nationwide  to 
teach  secondary  science  and  mathematics  were  actuallyAincerti- 
^ed  to  teach  tliose  subjects.  From  1971  to  I9S0,  student  teachers 
in  science  and  mathematics  decresed  in  n umbcr-^thrcef otd  in  sci- 
ence and  fourfold  in  mathcmatics^and  only  half  of  them  have 
actually  entered  the  teaching  profession.  En  udditioni'  33  percent 
<}f  those  currently  teaching  have  stated  that  they  expect  to  leave 
the  profession  in  the  i^ar  future. 

Some  of  the  problems  that  affect  ihv  partiapaiion  and  achieve- 
ment of  students  at  all  grade  levels  arc. 

*  Among  certtfied  tcachersofhigh  school  mathematics  and  sci- 
ence, very  few  have  had  the  formal  cducationa!  preparation 
required  to  provide  studtrnts  with  an  understanding  of  modern 
technology 

*  fherc  are  few  available  opportunities  *"  certified  mathcniaiiqs 
and  science  teachers  to  update;  or  broaden  their  skills  and 
backgrounds.  Such  training  opportunities  .irces^enthil  due  to 
the  rapid  advances  taking  place  in  mathematics,  science  and 
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tcvNitoJogy  miij  i\K  need  to  iniroducc  new  types  of  upper 
level  courses  for  nonspccwlisis. 

*  There  arc  fc\v  in^crvice  programs  lo  ccrlify  icuchcrs  who  aic 
pre^ntly  noi  qualified  to  teach  mathematics  and  ^lencc. 

*  Most  teachers  in  the  primary  and  middle  school  grades  have 
mH  had  iraLning  m  science  and  maihenuucs  or  courses  in 
mclliods  lo  Uach  ihesc  subjects 

*  Disuict-Jevel  supervision  has  been  re<luced  asaresuh  of  ^  itan- 
vjal  rctrentiimeni  or  has  heen  shjfled  Trom  instruciuinal  to 
4(i minis trutive  supp;:»rt.  As  j  result*  relatively  few  people  arc 
avaLlahle  outside  Ihc  classroom  to  provide  quality  control  or 
to  assisi  teachers  with  pc<lagogical  problems 

Ciatsrooms 

Dcfi-^tcncies  tn  Ihe  n^imbcrs  and  qualifications  of  maiheinatics 
and  science  Uachcrs  are  cxaccrbate<l  by  classroom  conditions, 
including  m adequate  instructional  time.e<)Ui|>mcm.nnd  facililies 

the  lunii  Available  for  adequate  instruction  u)  U.S.  shoots  i&far 
a  limiled  than  in  oihcr  advanccil  counirics.  in  ihc  United 
States,  the  ty'xcj  school  year  consist*  of  HJO  days>  as  contrustcd 
v^ith  240  days  in  Japan  This  is  further  reduced  by  absenteeism. 
\fchrLli  jiP'^unh  lo  an  average  of  20  days  per  school  year  The 
tvpicjl  vthool  day  is  Hvc  hours  long,  compared  \vith  six-  or  eight- 
hour  duy&m  Other  countries.  In  addition,  many  penods  of  varying 
length  throughout  school  day^  .md  \^eeks  are  devoted  to  non- 
aCiidemic  pursuits,  hoih  reducing  the  hour«  available  for  'nstruc* 
tion  and  divcaiiig  the  time  and  energy  of  teachers  to  nonitistruc 
tional  duties  Problems  associated  ^vith  student  d;sciplin::  ;^d 
motivation,  which  ufe  sevvre  iti  some  schools  and  affect  the 
general  ''fining  environment,  have  been  wdl  puhtici^cd 

Many  science  course^,  in  schools  throughout  the  conntry  arc  bci^ig 
tfiu^ht  Vkithuut  an  adequate  laboratory  component  or  with  no 
laboraior)  at  all  In  some  cases<  laboratory  (.pp;irutus  is  obsoleic. 
badly  111  need  of  maintenance,  or  noncxKtent.  In  oiher  cascs^  such 
apparatus  K  not  used  l>cc;iuse  of  a  hick  of  paraprofcssionals  or 
aids  to  set  up  and  maintain  equipment,  a  condition  that  has 
become  increasingly  important  due  to  the  ^eater  concern  for 
*afct>  in  the  schooK 

C  urnctila  in  matheniatics  and  in  several  scientific  disciplines  Vkvrc 
dci'Clop^d  with  federal  support  two  or  g^orc  decides  ugo  '.o  pro- 
vide rigorous,  modern  course  work  for  high  scho  ol  students  intcr- 
oUcd  in  urecrs  in  mathematics,  science  and  engtneenng.  These 
currtt^tiki*  a^  *  >uieral  generations  of  privately-developed  sticovssors. 
continue  tL>  «crvc  their  pnrpose*  though  nuny  need  tn  be  revised 
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cumcuLj  changes  ussociatt^  with  jdv.mccs  mi  the  (disciplines  iind 
evolving  contcmporur>  technologies^ 

Another  cttrricuhr  conc<:rn  js  ihul  upper  Lcvd  high  :>chool  eourse:> 
hniscd  on  Ihew  citrricub  too  .ibslruct  ^nd  thcordical  fo:  most 
s^tudents  In  fjct,  scnous  doubf^  exiM  nhout  ^hctiier  ofihc 
commonly  offeretJ  nutltcmiitic;^.  science  umJ  tcchnotogy  course:^ 
in  Ihe  secondary  sihc^oh  ure,.  in  their  present  form^  o^much  value 
t^>  si.tudcnte  planning  careers  ^>uhnie  of  nMthematics,  science  or 
engtnceiin{^.  He\^  courses  or  ;iL(Jel>  accepted  curricula  are  avail* 
Mc  with  the  e\phcn  aim  of  providing  such  students  wnh  adc" 
quate  preparation  in  mathematics  and  science  In  aUdition. 
courses  associated  with  modem  technology  are  not  available, 
most  courses,  m  ^ac^  make  little  reference  to  technology  at  all 

In  the  lowei  gradc:>,  ni;itheniatjcs  courses  cniphasi/c  basic  compu- 
tation^iL  skilU  rather  than  interpieiatiot^  and  apphcution  t^ciencc 
courses  at  those  levels  often  aie  empty  of  content  and,  gcneralK. 
do  lUH  huifd  upon  the  work  of  previous  gradc:> 

Appropriate  courses  in  modern  technology  are  not  available  hew 
\>\temiLtic  attempts  arc  m^fSc  to  integrate  leaimng  in  mathematics^ 
NCience  and  technology  As  a  rcsuh.  Uttle  coherent  pieparation  is 
offej^for  thedtscrphnary  oQurccs  {u>{uaUy  earth  science  and  hiology} 
encountered  for  the  fir^  time  in  the  ninth  and  tenth  grades  This 
conduion  IS  particubily  unfoitunate.  because  a  wealth  of  infor- 
rDUtJort  s^upports  the  coitclusjon  that  students  who  dj^hke  mathe- 
matics and  science  courses  in  the  early  grades,  oi  who  receive  in- 
adequate insiiuction  in  those  grades,  are  unlikely  lo  participate 
effectjscly  in  upper  level  cour^e^ 

Instruftionat  Approaches 

In  geneial,  piecollege  mathematics,  "icieuee  and  techuoh^>  iiistruc- 
lion  has  yet  to  tatte  advanUjge  of  the  ^^dvanccs  m  technology  and 
behavioral  sticnct^  of  the  past  20  years  I  or  enamptc.  computers 
provide  an  immense  opportunity  to  dcsclop  cuiiicula  ,tnd  msytrtie- 
lional  approaches  that  might  motivate  larger  numbers  of  students 
and  increase  the  ftcHibility  of  the  programs  available  lo  thctn 
Coniputeis  and  other  moilcm  technologies  ure  available  m  nian> 
U  S  schools,  and  imaginative  uses  arc  made  of  these  instru^iional 
jids  in  indisidoalcl,tssr«on  ^  Mowc\er,comfgtci  software  is  gen- 
eral!; inadcqu^Ke^  ,ind  the  full  potential  of  tiicse  technologies  foi 
instruction  h^is  rcuised  little  atteniion 

C  onsidcrahle  progress  also  is  being  iniKJi' m  research  in  math  and 
seicnc<?  education  I  he  cognitive  sciences  are  prosidmg  a  v^ealth 
of  jnformaim  oj^  the  wa>  {rcop^c  learn  I  or  e^Timpl<;,  kno^ledyc 
K  rum  avaihbM  about  the  relaiise  degree  of  .ibstraetion  that 
studciUs  of  a  particular  age  can  b<  c^pe^led  to  grj\p  Hov^cver, 
Mjch  mformatior:  has  >e^to  hes>sjcnMtrcaM>  apphcd  cN  her  rn  the 
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dcvcbpthcjil  of  maihemiitics,  science,  jntl  lechrioro^y  currtcula, 
or  111  thv  ir  Jining  of  kiichers  of  ihe^  subjects 

l-inully.  iTivrc  is  evidence;  thai  niiiny  students  v^ho  have  an  interest 
ID  nialhcmatics.  science,  and  Icchnology  are  noi  bctn^  reuched 
Ihruugh  inMrucLional  tipproachncurrcnOy  used  in  the  dussroojn 
Wtierc.is  mjr»>  sludents  do  tioi  hke  school  ^ciejiee-~and  form  this 
opinion  by  the  end  of  third  pradc^matiy  do  hko  the  science  and 
technolcigy  Ihiit  they  \ee  on  television.  They  also  lik,  whal  Ihe; 
eiKountcr  :it  science  and  technology  jnuscuiiiSf  p[anel:iriums. 
nature  cetiters,  and  njUonal  parks  Many  of  these  inslitutions 
Ueihtalc  science  and  technology  education  with  their  own  after' 
^hooL  ^^cekend.  ai^d  vacuiion  classes  In  addilion.  many  school 
dasses  make  field  trips  to  ^uch  insiilution^s  Because  Ihese  prO' 
grjMi^  are  apparently  more  appealing  than  school  science  offer > 
ings,  Ihc  innovtitive  inst ruction iil  approaches  iised  in  Ihem  should 
beexummcdand.  wh<;re  possible,  a ppheU  to  the  classroom  setting. 

Ljrgel>.  pubhc  schools  refteet.  rather  lhaji  determine,  public  per- 
t,cpuons  and  pnoriues  The  condilion  of  malhtm4iUv.s.  .suente 
and  technology  cdu<,atiori  reveals  an  apparent  misperceptton  by 
tile  pubhc  that  adequate  course  work  need  only  be  provided  to 
students  preparing  for  eollcgc^evel  stot,^  in  these  Helds  and  that 
these  eourses  are  unnecessary  for  other  students.  This  is  consis* 
lent  with  the  broader  perception  that  excellence  in  science  and 
technology  is  vitally  jmportam  to  the  Nation  but  that  it  can  and 
should  be  left  ti>  the  experts  Thus,  it^  pursuit  has  Utile  to  do  with 
the  d^yto-day  concerns  of  niost  people-- 'except  when  major 
news  events  sudi  as  a  noclear  reactor  accident  or  a  ^pacc  shuttle 
launch  intrude  This  misperception  about  the  mathematics,  sci> 
ence  and  technology  training  needed  by  students  in  our  shoals  is 
tragie  for  our  society  as  a  whole. 

Yet.  a  reasonable  fraction  of  the  adutt  public  is  interested  in 
\cience  and  technology  1  his  is  evident  from  the  recent  popularity 
of  s^;lence  maga^mes  for  no n specialists,  qnalitv  television  and 
radio  programs  (particularly  in  the  pobUc  media),  and  science  and 
tcch^ology  museums  Although  a  large  fraction  of  the  public 
enjoys  science  and  technology,  it  appe.ir^  that  many  consider 
school  mathematics,  science,  and  technology  as  isolated  froin 
the  real  world  and  not  essential  for  most  students. 

rhat  misperception  is  part  of  ci  publtc  view  that  the  amis.  sub> 
stance,  and  quality  of  pubhc  education  do  not  reflect  the  eotis^d- 
crablc  e<.ononkic,  social,  and  cultural  changes  that  have  occurred 
m  this  countr>  since  the  laie  I960's  Today.  :in  increasing  per* 
centage  of  the  ^^ork  force  is  concerned  with  the  retrieval,  processing, 
and  transmission  of  information  Yet.  public  school  mathematics 
.ind  science  courses  arc.  at  best,  only  peripherally  concerned  and 
preparing  students  to  wr^rk  and  hve  in  a  wciety  that  coiK'cntrates 
on  such  tasks 
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Apparently,  m>  tonsen^uv  hys  been  reached  (h^t  the  future  proi- 
perU)  jnd  mlcrn4)1ionaF  position  ihc  United  States  depend 
mticatiy  upon  bro;idcr  public  utt jm>n(;n'  in  mu;*^?matKS.  s<:icnce. 
ji)d  ledinology  In  addition.  ihsK  is  no  consensus  Ihui  hifh  ^Utihty 
nuit  hematics,  science,  und  Itxhnotogy  education  is  a  mailer  of 
nattonji  conccn.  transcending  stale  and  Local  mleresis  ^nd 
responslblht^  Maihenulius  and  science  requirements  boih  for 
high  :»chool  i^radualion  jnd  college  eniry  have  generally 
dechned  ovi:r  the pj^t  L^years  Although ihcre are  some encour- 
apngsign^  thjt  Ihis  irendi^  reversing.  only;ibout  oncHhirdofthc 
N;ilion's  16.000  school  dislficis  require  more  than  one  year  of 
high  school  mathematics  and  one  year  of  sctcrtce  for  griiduation 

The  absence  of  a  ruijonal  consensus  on  the  importance  of  mathe- 
matics, scti^nce^  and  technology  education  for  all  citizens  >n^y  ^ 
the  <'entral  ^jum;  of  the  crK^aT  probkm  f;)Cing  our  cducatroiiaF 
systems.  A  bcoad  national  effort  is  essential.  The  National  Science 
Board  Commission  on  Precoltege  Education  in  Mathematics.  Sci- 
ence and  lechnology  has  been  established  to  address  this  condi- 
tion The  Commission  will  define*  over  the  next  ycar^  a  national 
agenda  that  should  provide  an  action  plan  for  all  sedors  of 
socidy  to  use  in  the  achievement  of  the  three  important  educa- 
tional gO£t1s  outUned  in  the  introduction  tg  thi:»  report. 


The  data  appearmg  in  this  report  have  been  drawr  from  the 
sources  that  follow.  Specific  citations  and  additional  references 
may  be  obtained  on  request  from  the  office  of  the  National  Sci* 
ence  Board  Commission  on  Precollcge  Education  in  Mathe* 
maiics.  Science:  and  Technology. 

1  National  ScicnCe  Foutidation  ^nd  Department  of  Education 
Saencx^and  Enginee/tnf,  EducaitPn  for  the  t980'sand  Beyond 
Washington.  O.C.  US,  Government  Printing  OJItcet  October 
19'iO.  pnniafily  Cnapter  V 

2  National  Science  Foundation  Sctence  and  Engineering  Edu- 
cation Data  and  Information  I9S2.  A  Report  to  the  Nattonat 
S^te/jce  Board  Commission  on  F/ecoUege  Education  tn  Mathe* 
nvitics^  Sctenccand  Technology  (NS  V  82- JO) , 

.1  Papers  pr^^'scnted  at  the  National  Academy  of  Sciences'  Con^ 
vocutmn  on  Precollege  Lducatton  in  Mathematics  and  Sci* 
cnce>  partitaFarly  **aul  Dellart  Hurd.  '*Siate  of  Prccollegc 
bduc^uon  in  Mathematics  a  nil  Science/'  (May  t2-13. 1982). 
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Mr  Waixskkn  I  know  that  it  ma>  be  difficult  to  be  totally  specif- 
ic, but  in  your  tontimoriy  you  indicate  that  jn  the  end  of  March  you 
are  going  to  be  ablo  to  test  out  tentative  recommendations  at  a 
public  forum  that  will  be  held  in  Houston,  Can  you  give  us  any  in- 
culcation of  those  tentative  recommendations  in  specific  form  at  this 
point? 

Mr  Coi-EMAN  1  can  hint  at  somo  of  them,  but  you  have  had  ex- 
perience in  leadership*  and  unlos±>  you  can  have  the  membe'-s  of 
the  Commission  agree  with  you  an  chairman,  you  don*t  put  yourself 
out  in  front. 

But,  having  said  that*  certainly  anyone  who  reads  has  to  be  in- 
terested in  the  extent  to  which  computers  and  other  types  of  tech- 
nology are  here  and  are  playing  an  increasing  part.  Certainly  we 
are  examining  closely  just  how  they  can  be  u&ed  to  help  precoUege 
education. 

Second,  we  know  that  there  are  many  teachers  in  the  school 
system  through  no  fault  of  their  own  who  don't  have  the  training 
to  be  able  to  give  the  type  of  science  and  mathematics,  teaching  re- 
quired today,  and  we  hope  to  make  recommendations  as  to  how 
can  spt^od  up  the  training  process. 

We  have  considered,  and  we  are  more  than  just  toying  with  the 
idea  that  this  is  an  issue  in  tvhich  the  business  community  and  the 
military  shouk]  be  as  interested  as  we  are,  if  not  more  so.  3  there 
any  way  that  tve  can  borrow  some  of  those  resources  and  put  them 
in  the  school  syistem  to  do  some  of  the  teaching  until  such  time  as 
the  professional  teachers  have  acquired  this  additional  skill? 

Mr  Chairman.  1  am  pretty  sure  you  and  the  other  members  all 
''ealize  that  in  this  country  we  still  have  a  great  disparity  in  what 
various  school  districts  are  able  to  offer  to  the  children.  We  are 
trying  to  find  out  how  we  can  overcome  that  disparity  because  the 
economic  conditions  in  all  places  in  the  country  are  not  the  same. 

Although  it  rnay  be  unpopular,  we  are  thinking  about  the  idea  of 
devoting?  more  time  to  handle  this  problem  than  is  available  in  the 
school  day  to  day**  That  may  mean  teachers  'Aill  have  to  work 
longer  days,  and  there  may  have  to  be  more  people  involved. 

Ue  also^  in  our  hearings  and  deliberations,  have  come  to  the  con- 
clusion that  perhaps  the  drain  of  teachers  into  the  business  com- 
munity and  elsewhere  merely  because  there  i*i  more  pay  could  be 
avoided  if  their  jobs  in  the  school  system  were  made  more  desirable 
and  more  attractive. 

We  are  tr>ing  to  come  up  with  ideas  that  will  make  being  ^ 
schoolteacher  particularly  at  the  precoUege  leveK  as  attr^^cHve 
today  as  it  was  50  years  ago  when  not  you,  Mr.  Chairman,  but 
niavbt'  other  members  of  the  Committee  had  teachers  who  were 
really  committed  and  who  insipired  us  to  do  vvhat  we  had  to  do  to 
serve  the  country.  Thosie  are  the  types  of  ideas  that  we  are  trying 
lO  come  up  with. 

Mr  Wai/;ri-:n.  You  mention  in  your  testimonyi  as  part  of  the 
second  phase*  that  you  have  been  looking  at  a  range  of  model  pro- 
grams which  could  .te  broadened  to  other  settings.  Can  you  give  us 
a  sur\^ey  of  some  of  the  particular  programs  that  the  Commission 
has  looked  at  at  this  point  and  that  they  fmcl  very  positive? 
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Mr  Y**^..  hut  I  would  like  to  linvc  the  privile^^e  of  sup- 

pIvmentLiig  \i  hy  wndiiig  yim  a  letter  within  H  hoars,  spelling  out 
all  of  the  programs  that  we  have  bokt'd 

I  think  that  would  be  very  important  Wt*  arc  fortunate  tv  have 
as  co-chair  Cecily  Selby  who,  as  you  know>  has  been  the  leader  in 
one  of  tht*  mo^i  c^xcitin^  programs?  in  North  Carolina,  We  have 
looked  at  that  program.  We  alj>o  went  to  Atlanta,  Ga.  Under  the 
lecidorship  of  Mayor  Young  and  Governor  Busby,  we  had  an  oppor- 
tunity io  look  at  i^everal  program.^  in  Georgia  where  students  are 
coming  from  all  over  to  gvt  the  advantage  of  exciting  training 

In  North  Carolina,  Governor  Hunt  had  the  foresight  to  begin  to 
develop  educational  programs.  We  have  h^d  the  opportunity  to 
look  at  profjrams  m  and  around  Raleighi  where  teachers  have  pro- 
vided a  type  of  toachinf?  that  we  think  must  be  done  for  the  stu- 
dent. 

Congressman  Brown^  wt*  haven't  had  the  opportunity  to  get  to 
California  yet>  but  I  am  pretty  sure  that  some  institutions  thc^re 
are  domg  the  same  type  of  thing.  1  would  like  to  supplement  my 
remarks  by  letter  in  greater  detail. 

Mr.  Waujkkn.  We  would  appreciate  that  very  much.  Any  speci- 
ficity that  yon  would  like  to  elaborate  on  would  be  very  helpful  to 
the  committt^.  Feel  free  to  give  us  as  full  a  written  supplement  as 
you  feel  appropriate. 

Mr.  Coleman.  Havnig  .said  that,  will  you  give  me  18  hours  to  get 
it  to  you  rather  than  24'^ 

Mr  Waix;jikn.  I  am  bure  from  our  point  of  view  you  can  have  a 
week  and  more  So  feel  free  to  take  a  little  time  and  give  it  some 
considered  thought, 

Mr  CoiJ';man.  When  !  was  a  cabinet  officer,  I  realized  that  if  I 
could  get  thmgs  up  to  the  Congress  quick  enryugh,  the  Congress  did 
pay  attention  to  them  and  Congress  did  think  about  them.  There- 
fore.  !  am  trying  to  get  them  up  thf*re  as  soon  as  I  can, 

[The  information  follows:) 
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NATinM/.l  srJtNCt  BOARD  C0MMI5SJ0N  OH  PRrCOUEGE 


LisUnq  of  Programs  and  Activities  R^v^ewd 


The  faUowUg  ts  a  repr^sef^tative  listing  of  actlvit\^  and  programs 
that  h^ve  b*en  r*^vi(^w^d  so  far  by  the  National  Scienc*^  Board  Corr^ntssion  op 
Precollege  Education  in  Mathe^atUSi  Science  and  Technology,    This  list  is 
Orgjriized  according  to  the  sector  playing  the  major  initiating  or 
n^ar\e<lenent  role»  altkn*gh  r^ariy  programs  InvaUe  partnerships  amonQ  (Tiultlple 
groups  or  s^-Ctors . 


Federal  Government 


Many  of  the  pro^rams/act i vitles  listed  below  were  suppor**d  by  federal 
funds.    In  addttlofii  thr  Conmission  has  discuSsed  precollege  education 
Issues  and  Perspectives  with  representatives  of  the  Executive  Office  of  '^e 
President  {0MB  and  OSTP)  and  with  congresstOnal  Staff  members*  The 
COmmisston  has  received  reports  on  Past  and  planned  programs  of  tne 
National  Science  Foundation  and  th^  J)epartmpnt  of  Education* 


State  Goverr>fnefits 


Arlzofta:    ftoverncir's  ^iit-Point  Program  for  Acaderriic  Ejccellfvce  in 
PrecoTTege  mathematics,  scif^nce  and  technology,  as  seen  by  Govpr^or,  state 
legislators,  State  Board  of  Higher  Education,  State  School  Boards 
AssociatiOrtH, 

Cal  if^nta:    Governor's  Investment  in  People  program,  to  strengthen  matn, 
science,  and  co^Pwter  irstru<"tion  in  elementary  and  secondary  schoolsi 
Includes  denonstrat  cr  ;  oiects,  summer  institute^^,  curricul um  efforts* 

T)ela»are:    Governor's  Task  Force  on  high  school  graduation  and  university 
entTvance  require^^ents  in  mathematics  and  sciencoi  jot>s  for  American 
Graduates  program,  involving  custo»flized  training  for  specific  jobs, 
developed  through  committee  of  corporate  and  educational  leaders* 

FToriiJa;    Governor's  Con*nissiOn  0^  Secondary  SchoolSi  which  has  recently 
Tssued^a  report  with  recommendations,  »ncludifig  for  teacher  training  and 
student  incentives*    House  Speaker's  recoiimendaitons  to  Florida  legislature 
in  this  area* 

Iowa ■    Ad-Hoc  Eoycation  Conr»ittoe  of  the  Iowa  Acaderny  of  Sciences,  with 
r^conriendations  to  Governor  concerning  precol Seg*>  eUycatton, 

Louj s^ana     Louisiana  School  of  Math,  Sc^^nce  and  the  ArtSi  a  Public, 
residential,  coeducatiooal  high  school  for  exceptional  students, 
established  by  State  legislature  in  19ftl, 

Karyland ;    Education  Con*nittee  of  Govemor^s  Science  Advisory  Council, 
which  is  examining  matheinatics  and  science  p'ogra^s  at  the  precoUege  and 
university  levels* 
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Maine;  Govemor^s  Comniission  to  Improve  <iuilU>  of  labor  force,  from  entfy 
lever  to  professional  engineers, 

Ktftnesota:    Hinnesota  ^ellspring,  a  co^Htlon  of  stAte  governnient, 
business,  labor,  edyc*t(on  to  improve  technological /economic  strength* 

Mississippi:    Governor's  CoinprehensWe  Plan  to  upgrade  PubHc  education* 

He.j_Jersjy:    Susiness/lndustry/Science  Education  Consortium* 

Kgw  Yorici    Center  for  learning  Technologies,  established  by  State 
Department  of  Education  in  Spring  1982* 

North  Carolina:    Horth  Carolina  School  of  Science  and  ttathematici,  a 
ptrblic,  residential*  co^educatlonal  high  school  for  juniors  and  seniors 
Mith  exceptional  ability  ind  nativatlon,  established  Ia  1979,  by  IntlatWe 
of  Governor,  ftinded  by  state  legislature.    Reconrtendatlons  of  Govemor^s 
U%K  Force  on  Science  and  Technology*    Recommendations  of  North  Carolina 
Board  of  Science  and  Techrology  and  State  Pepartnent  of  Putlfc  instruction 
OA  Improving  the  quality  of  science  and  mathematics  edticatlon  In  the  public 
schools » 

Peonsylvanl^i    State  Departnient  of  Edi>catlo/)'s  suitmer  prOgrdJms  at 
Carne^le.KelloA  University  for  superior  science  students  at  the  sophomore 
and  Junior  high  school  levels 

Rhode  Island;    House  resolution  In  state  legislature  requesting  Board  of 
Regents  for  Elementary  and  Secondary  Education  to  study  feaslMlUy  of 
stale  school  for  mathematics  and  science  students.    Governor's  proposal 
for  forgivable  loans  for  eventual  mathematics  and  science  teachers. 


South  CaroHnai    Superintendent  o/  Education's  proposal  to  add  science  to 
State*s  **Baslc  Skills*  list  and  establish  special  ...ath/sclence  teacher 
training  programs* 

Tennessee:    Governor's  proposal  /or  Hester  Teacher  prograjji  to  provide  merit 
pay»  based  on  legislature's  Tennessee  Comprehensive  EidticatlOn  study,  also 
upgrading  high  school  math  and  science  requirements* 

Texas i    Essential  Goals  for  College  Success  project  of  Texas  Cotmilssloner 
of" Higher  Education.   House  Bill  12:6  to  restructure         currlculiM  with 
Increased  tnath  and  science  emphasis,   workshop  on  Kalh/Sclence  Teacher 
Shortage  In  Texas,  sponsored  by  Texas  Education  Agency,  Coordinating  Board, 
and  South^st  Texas  State  University. 

VI rqUla:   Governor's  TasV  Force  on  Science  ind  Technology*  of  which  one 
objective  Is  to  determine  education  needs  for  developfng  human  resources  In 
science  and  technology* 

Washington:    Governor's  Coitwtttee  on  High  Technology  Training  and 
Advancement ,  which  has  issued  reco*Fitiendatlons. 
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Southm  Wg^oital  i;ducjt1<Tn  Poard:    **N«ed  for  QuaHty"*  i  report  of  JRES 
lask  i-orce  oij  Higner  Educatton  and  the  Schools.^ 

EducattOft  Comml^sfon  of  the  States?    A  report  "The  tflfonnatlon  Society: 
Are  Htgh  :>chooi  Graduates  Ready?'  presentfng  results  of  the  National 
AssessmentSi  vrlth  recoomendationS  for  change  4t  the  precoliege  UveK  A 
special  brlrflng  to  the  rjatlona)  CoverAOrs  Association  Annual  Keetingi 
August  19a2i  titled  "Education  for  a  High  Technology  Econon^y,*"  with 
recocnmeAdatioos  for  state^level  action..    Advanced  Leadership  Program  Series 
(ALPS). 


loca^  Goyernmeftts/School  Districts: 


Mesa  School  District,  Arl^ofta-  District  has  been  selected  as  one  of  top  12 
^(i  tK'S  country  in  eiefflentary  school  science  progr^nrolng  by  MSTA, 

Oenver,  Colorado?    George  i/ashiogtort  High  School,  with  an  extensive  program 

computer  mathematics,  allowiig  stud^ntv  to  progress  fron*  con»Puter 
literacy  to  writing  prograptSi. 

Washington,  cCr    Six  rww  high  school  career  programs  initated  in 
cooperation  with  priv-ate  industry  support,  including  engineering, 
information  technology,  a^d  the  health  sciences. 

OeKftlb  County,  Georgia:    Ferfibank  Science  Center,  a  facility  designed  to 
provide  nathcFiatics  And  science  experiences  for  students  from  t-lZ* 

ChUago,  lIHnoist   Chicago  Adopt-a -School  progra^t  and  local  HATHCOUHTS* 
both  pioneered  by  the  So-ard  of  Education  In  the  last  two  years. 
Pre^Algebra  Development  Center,  recipient  of  Educational  Pacesetter  Award. 

La  Grange,  Illinois:   Lyofls  Township  High  Sciiool  Computer  Literacy  Project, 
introducr^g  teachers  and  students  to  a  range  of  instructional  uses  of 
personal  computers. 

Hotjston,  Texas?    Houston  Second  Hile  Program,  Involving  merit  pay  for 
teachers,  as  well  as  many  other  initiatives. 

Fairfax  County.  Virginia?    Elementary  school  science  program.  Providing 
science  education  for  all  elementary  students. 

Hi Iwa ukee ,  W1 sconsinr  High  School  Unlimited  Program,  In  which  each  of  the 
city*s  high  schools  has  It  own  unique  career/skill  focus.. 


Institutions  of  High  Education 


ticw  Jersey  Institute  of  Technology:  Precoliege  Institute  in  f^athematlcs , 
Science  and  Engineering,  designed  for  secondary  Students  and  teachers 

City  college  of  New  York^    Precoliege  mathemeatics  and  science  outreach 
program. 


60 


UnivOfStty  of  Haryl^nO-    Institute  for  HAther^tKS  and  Science*  fof 
secondary  stu<iertts. 

OofceJJrt^versuy*    Programs  for  gtfted  and  talented  afiO  pre,engioeertng, 
tecoodofy  students, 

Coneqe  of  Charleston:    «dthenat*<:s  and  science  Program  for  secondary 
sUJ^enO"; 

Urtiv^rsUy  of  CaUfortiia,  Berket^y:    Project  EoyALS*  ^JeveloPed  At  th^ 
Lawrence  Hall  of  Scitjncei  providing  tnservice  programs  for  teacherSi 
counselors,  and  adnintstratOrs serving  grades  K-lZi  wUh  emphases  on 
attracting  and  retatoinq  women  and  minority  students, 

tlnfversU^  of  Art^ona:    Oepartmertt  of  Kathe^Htcs'  itnovative  progran  wUd 
high  school  teachers  *    W-Hoc  Coiwiittee  on  Nahth/Science  £dycationt  to 
coordinate  fntra -university  programs  and  outreach  yith  precollege 
business  conmunities. 

Arizona  State  Universitj^:    Task  force  on  implententation  of  Governor's 
Sijt^POiot  Program  for  Academic  Excellence,    College  of  Education's  Program 
for  Cofuputer  Uteracy,   College  of  Engineering's  Center  for  Engineering 
E^cceH^nce..  Jointly  supported  by  Industry^  and  sutr^er  {Programs  for  HOmem 
minority  artd  gifted  high  school  students  to  encourage  engineeriog  careers* 

Uni^/ersity  of  Kansas  r   Career -Oriented  Sctence  Topics  for  Elementary  aitd 
Hlddre  Schools  rCOMETS)^  designed  for  yse  in  grades  S-3    to  supplement 
science  and  science -centered  language  arts  courses. 

University  of  Wisconsin:    Multiplying  Options  and  Subtracting  Bl^s^  an 
iftterventiOA  program  designed  to  elirtinate  sejtism  from  mathematics 
education. 

Atlanta  tlnlversity:    Resource  Center  fOr  Science  and  Engineering^  provides 
training/  facTlitfes,  research  and  Other  opportunities  for  tfte  Southeastern 
Region. 

University  of  Hew  rtejMCo:    Sowthvfestern  Resource  Center  for  Science  and 
Engineering^  prOvides^train^ng^  facilities^  research  and  oth-?r 
opportunities  for  the  Southwestern  Region. 

f^unt  Hoi  yoke  college;    Sumer  Hath  program,  to  Prepare  high  school  women 
tor  successful  stwdy  of  (nath^matics  at  th*  college  level* 

Sfmnons  College :    Oreyfus  rnstitwte  on  High  School  Chemistry,  training 
n»aster  hign  scnool  teachers,  primarily  in  chtrmistryt  to  conduct  inservice 
workshops  in  their  school  systems. 
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tiaUona!  Sciiegce  Teachers  Association:    Project  on  "Search  for  Ex;el1eace 
in  Science  Education,"  exdcumtng  outstanding  precoUege  science  Programs 
throughout  the  country  and  an^'y^lng  them  to  identify  elements  t^spOnstble 
ior  -Juccess* 

Wattonal  Association  of  Secondary  ^c''ool  PrtncjpaUt    Has  surveyed  and 
reported  oo  "n^x  ReQuirenents  by  the    S*,ate  Unlversit ies," 

HattOnal  AssociatUn  of  Biology  Teachers:    Is  sponsoring  an  innfjn}  awards 
prograin  for  oustondlng  high  school  tlology  teachers* 

Affl^Mcan  Assoctatiofl  for  the  Arivanceffent  of  Sctence:    Has  established  the 
Coa'itloo  for.  Education  tn  Ui*  Sciences*  to  get  AAAS  members  directly 
involved  v^th  schoois>  with  developing  resource  materials*  and  with 
increasing  sr^enc^  and  technology  understanding  in  local  c<vwiunit1es<  A 
collaboratUrt  with  the  Association  of  Science. Technology  Centers^  including 
financial  vupport  from  Phillips  Petroleum  and  Standard  Oil  of  O)kto» 

Society  of  Si^a  xi :    Awards  Program  for  excellence      science  teaching* 
u^ing  Its  system  of  local  chapters* 

National  Society  of  Professional  Engineers^    Initiated  WATHCOUHTS*  a 
national  tournament  to  increase  Public  awareness  of  tjie  importance  of 
mathematics  ^nd  to  Increase  interest  and  motivation  of  7th  and  8th  grade 
math  students.    Involves  collaboration  and  support  of  many  associations. 

Association  of  Science.Technoiogy  Centers:    Members  conduct  numerous 
programs  both  inside  and  out  of  the  schools ,  for  teachers*  students*  artd 
general  pybl it* 

j^rir:3n  ChemKal  Society.    Has  established  an  office  devoted  to  the 
teaching  of  chemistry  at  the  high  school  level*  and  is  developing 
swpi>Umentary  cumcular  r^terials  for  <jse  at  both  the  elementary  and 
secondary  levels, 

AffH&rRan  Society  of  Civil  Enqifieers.    Suimer  intern  program  for  minority 
high  school  students,  at  Northeastern  ^nd  Hotre  Dame  Universities* 

American  Physical  Socitty  opened  an  office  Irt  Washington  a^d  is 

following  congressional  and  Executive  Branch  activities  irt  area  of 
precollege  rrathematics  and  science  education* 

Girls  Clubs  of  Arierjca;  Has  initiated  a  Program  to  link  SiCS  national  levek 
yOutfi  emfnoyment  initiatives  with  interests  in  new  technology. 
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Busies  s/lncmstry: 

EkkOo  Corporation  >    Supporting  pre.engiTieering  programs  at  10  wni vers i ties » 

E*I*  PuPof^t      H^??no^J^s  and  Co.:    Supports"^  pre-Ofigirteenog  programs  at  15 
colleges  and  wni  i^ersUies ,  urgeted  for  minoritj^  secorvdarj  school  stuttents* 

Bell  Laboratories.  Sunrier  Science  Program*  Providing  harwjs  on  experiences 
for  minority  students  that  have  ccompi^ted  the  8th  grade* 

PhijliPs  Petroleum.  "Search  for  Solutions"*  fiU  series  to  augment  science 
instruction  fn~secondrj^  schools,  developed  with  PhiltiPs  support. 


jluUiPle  CoUaboratton  Among  Sectors 


Children's  TetevJsion  Workshop:    "3-2-1  Contact"  is  a  television  series 
aimed  at  interesting  studeots  in  science  and  technology*  developed  wUh 
support  from  the  Corporation  for  Public  Bcoadcasting*  United  Technologies, 
Fed^rAl  governfuent* 

Oiscovery  Place:    Mon-piof»t  Organisation  Providing  curriculum-related 
activities  for  precolUg*  students* 

Junior  Engineering  Technical  Society  fJETS):    A  national  >outh  activity, 
operating  through  student  chapoters,  to  increase  interests  and  aptitudes  in 
math,  scieoce  and  technology,    Cosponsored  by  several  Professional 
S04s  ^ttes  aod  supported  by  industrial  sources  and  the  volunteer  services  o^ 
individual  engineers* 

Mathematics,  Engineering*  Science  Achievement  (HISA^,  Program  to  increase 
preparation  of  minority  students  in  mathematics  and  science* 

Philadephia  Regional  Introduction  for  Minorities  to  Engineennja  CPftlHEl: 
Identifies  minority  students  in  grades  7-12  with  high  aptiCyde  ff>  scfence 
and  mat^ematust  and  provides  academic  year  ^nd  sunmetl^activitieS  with 
specially  trained  teachers  and  staff. 

Program  for  Rochp-ster  to  Interest  Students  in  Science  ind  Math  (PftISS>*': 
Supports  the  purchase  of  innovat^jf*  ^nd  st^tnulating  curriculum  (nateriaTs 
for  classroom  and  teacher  training  uses. 

Southeastern  Consortium  for  Hinoruies  m  Ingif^eermg  {SECME):    Incl uding 
representatives  of  21  colleges  rns~statv*,  invp^ves~3eveloping  local 
projects  to  increase  the  nutftb^rs  of  minorities       the  enqineenng 
profession* 

Project  to  [ncrease  Kastery  ot  Hathemat^_c_s_in  Conn&ctKut  (PlHji):  Intended 
to  r^i^e  the  level  of  mathematics  uo<^eVstan<^ln9  a^d  competence  in  order  to 
help  peoPie  achieve  their  vocational  and  professional  goals,  by  doing  job* 
reouirement  vKvilyses,  and  working  with  teacht^rS  a^d  school  counselors. 
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Compreh^ftSWg  HathgiaUcs  jnd  Science  Pro^fam  {CHSP)>    Designed  to  bring 
^r«ter  numoer  of HFS^ffTtudents  into  science  an<J  engineering  profe$stOnS» 

Detroit  Area  Precollege  Education  Program;    Designed  m  identify  students 
witn  ^^^iitu<]«  ^no  increase  interests  in  mathet^atlcs »  -  lence  and 
engineering* 
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Ml'  VVaj^;ukn  I  hop**  tliat  wo  will  hi*  abk*  to  fijvc  it  vory  com- 
plete attention  Thus     .tti  an^a  the  K^iimiKtre  \>  v*:ry  intere^^ted  in 

As  you  knov^,  wt*  )ia\e  .stopper!  tloin^^  a  number  of  things  in  the 
pr^ecoUej^o  (education  area  in  order  to  wait  for  thi*  Coinmis&ion's*  re* 
cojnmendaton  So  we  are  tfoiii^j  to  be  ver>  intereyted  to  *»ee  w)iat 
new  i^round  we  break  and  what  new  directions  we  can  come  up 
with.  Some  of  us  feel  that  wt*  havt^  ^nven  up  education  ^>rof;rtims  in 
rect^nt  >ear&  lUjOnier  to  titarl  out  on  tlii>  fresh  n^view  So  we  are 
very  interested  in  the  re.suh.s 

Mr  C\>Lf:MAN.  Mr  Chiurtnan,  a>  vou  know,  1  am  not  part  of  the 
admiinstnttioi).  I  roay  In*  ijlkm^  </(U  of  .school,  hut  1  do  think  that 
the  National  Science  Board  and  the  roundati>>n  huth  should  be  con* 
^rattihited  for  taking  the  mitiative  to  ifive.st  sonie  <^f  their  scarce 
fniidtt  in  this  project 

I  really  think  that  tf  you  art*  fioiriK  to  meet  h*\id-on  the  lack  of 
sci*i*nttnc  and  mathomatieal  traitnufi.  that  \ou  Inst  must  start  at 
the  precollege  ioveL  The  Foui;datLon  and  Ho;ird  should  he  conf^ratu 
lated  for  not  waitinj^.  thither  to  be  pubhed  b>  the  (onf^ress,  or  trying 
to  fjjet  a  ^ptKiai  appropriation  from  the  Congress,  but  takin^^  some 
*>|  th*'ir  Uhor  monev  and  investing  in  what  _  think  is  an  important 
project 

Mr.  WAL<;iiKN.  Followmg  the  committee  ruk^,  we  will  go  by 
order  o(  ajjpt*arance*  Therefore,  the  Chair  will  first  recogm/e  Mr 
Brown 

Mr.  Brow\\  Thank  you.  Mr.  Chairman 

i  want  to  commend  Mr,  t'olernan  on  nu  excellent  statement  con- 
cernmg  the  work  of  the  Commiysiion.  I  concur  wholeheartedly  with 
him  that  the  Science  Board  and  the  Foundation  is  to  be  commend- 
ed for  initiating  the  Commission*  h  of  cour&e,  have  to  bear  in  mind 
the  state  of.  I  guess  you  might  ^ay,  constructive  tension  that  has 
t'xi.sted  between  the  Congress  and  the  Foundation  and  the  adminis- 
tration for  more  yt*ars  than  just  this  administration,  over  the  tjues- 
tion  ot  adequate  support  of  education  in  science  and  matheniatics 

The  question  I  guetiy  I  would  like  to  raise  with  you  and  have  you 
comment  on  mure  of  philosophical  question  than  anything  else 
You  have  recounted  the  concern  of  the  Nation  after  Sputnik,  and 
the  great  sqrge  of  activit>  with  rogard  to  improvmg  our  scientific, 
mathematical,  and  technical  education  Then  we  have  seen  that 
Initial  impetus  decrease*  And  the  (.ommission  has,  of  course,  very 
well  analyzed  what  Has  hapjit^ned— the  declining  <|uality  oi"  science 
and  math  education.  And  the  question  comey  to  mind,  why  we 
cannot  coptnnie  l<>  hold  in  the  forefront  a  de;*irable  goal  a;^  we  did 
after  Sputnik,  and  to  devote  the  necessary  talent  and  resources  to 


We  havo  qualified  people  in  science  and  in  e<]ucation  I  am  in- 
chned  to  hn^I,  an<(  maybe  yon  could  comment  on  ^hi^,  that  the  prob- 
lem IS  exactly  a>  >ou  exprtsM^d  it  on  pa^e  paraphrasing  Clemen- 
ceau,  that  edu^^ition  \>  too  important  to  leave  solely  to  professional 
educator!^  This,  of  co^^rse  focuse;*  on  the  need  for  a  dedicated  and 
creative  leadei>in[j  which  i,s  able  to  keep  in  mind  the  total  needsi^i^f 
the  country  and  the  proper  balance  to  achieve  thoH*  need^  with 
then  a  total  prtif(ram. 

The  problem  with  the  military,  a^  Clemenceau  wt^ll  recof^nized.  is 
that  they  become  ver>  export  at  fit^htin^r  the  last  war  And  1  am 


lilt  hr^^cl  tu  U  t  \  iiui  rtUir^Uojs  KiXK"  M>nu'what  the  f>ame  iitti- 
tmlf  I'll, it  j^.  lii*  \  l>t'*  liiiic  t .  niiulH',  i\i  f>t>lviiiti  iht'  lasit  prob- 
lem, bul  lhf>  iloii't  I'*  lu'iv*"  iln'  d\iiaiinct>  tluU  JiMcl  to  ihi'  next 
|>rt^bli^jn  lhat  i.^  n*nung  <i1t>iij;  And  jf  sciona^  and  lUdth  iiiipur- 
\Md  N'Lii'jM^  of  Sputnik,  it  \b  L*VL*n  mort-'  important  twda>  Yet 
don  I  ^rciTi  lo  liave  pojxtuod  th<iL 

IV'iliaps  tins  pul.^  Uuj  much  hlunK'  orx  Uu-  sjducator^.  Perhaps 
rjK\\  wrn'  .ihst>Iutil\  dojii^  ihi  \^t>  bcsi  lluit  (hey  could,  and  they 
\u'tK  It  t  tit^vMi  IK  whi/*  liv  tlu'  Kiv  UMid  itjenibtTs  that  they  were 
rt's[/i*n^jbl*'  t^'  lU  the  iiatii>n<il  Iradt^r^  that  st^i  j^ualb  for  the  coun- 
tn  I  don't  know  I  am  looking  for  some  answers. 

And  I  wt>iHer  if  voii  nnghl  speculate  on  that  a  Jittle  bit, 

Mr  (\»i.*,MAN  \VV  are  not  going  to  fit^ht  the  la^t  war.  And  we  are 
in^l  ^ooii;  u>  ^pend  uur  time  trvint(  to  asbi|?n  blame  But  we  «ie 
i^^un^  Ut  indicate  v\liat  sliould  1k'  done  tt>day,  and  aLso  sugj^est  a 
Met^hain.^iii  ^o  tli.tt  tins  will  not  happen  ag;nn  1  a^ree  with  you 
that  tht  Lon[itr\  sbuutd  keep  education  at  the  forefront.  And  the 
tJeople  \x\v>  do  th<it  tiin't  be  the  eduuitor^  in  a  democratic  sjociety, 
h  b.is  ti^  be  tht^  pet^ple  And  it  has  to  be  t^e  poliUcal  leadership, 

I  rhmk  i^M  j  vunc  at  lea.^t  tMici'  evei'y  or  4  years  should  read  an 
I  -^a>  b>  Alt  ^,nldcJ  ILinjilton  called  "The  State  of  Manufacturing 
jiL  ri>!>  r^m^  his  ^\onderlul  brain,  he  spelled  out  what  the  United 
Staif^  A^iijld  hnUt'  to  do  to  beiv^me  a  first-rate  country.  He  empha- 
d  ti'ai  lin;,;.  rduv  .it  i>*n  1  It'  ill  so  emphasi/ed  the  building  of  high- 
vv,i\^  Tht'  rea^  I  n  ad  it  tlu*  firt^t  tune,  being  Secretary  of  Trans- 
|/<ifliitiun.  va^  that  I  tould  tiM  liiiA  [^art  U>  help  to  defend  my  own 
l)U(l^;el 

Bul  1  d"f  think  ih.it  ibr  Nation  must  bi'  iiroust^d  and  should  con- 
to  be  aiau.^ed  I  rlnnk  it  is  really  pet>ple  who  must  do  it  in 
uur  dcEii^K  lahc  mh  i^-ly  Spulink  contributed  to  arousing  the  public. 
.\jioth*'t  thiii^  thai  tausi'O  the  pubhc  to  i'xainjne  the  school  system 
w.ts  thf  *.i\J  ru'ht.^  mtj\enu^iil  P'ortunately  or  unfortunately,  we 
Kw*"  run  out  of  sume  ^tean^  on  both  of  f  hose  issues 

And  ni>w  lOt*  ituink'  an  11-  or  perc*Mit  unemployment,  a 
'^J^^^i  hJlu^n  l>ud^ci  dt'fu  it,  lUn!  scmie  ol  ihe  great  automobile  com- 
[janji  alt'  jojuni;.  a[>  u  uli  lln*  'apaJK^se  I  could  make  a  whole  list. 
It  Is  iHJt  beca'i.^*'  diai  t  haie  the  talent  in  thli^  country,  but  the 
lali^nt  has  not  lieen  educated  pro[>erly 

1  a^-iini*.'  lhat  ir.  ihv  n  a^jp  ahv  Jbi-  vifinmiltee  is  stepping  up  to 
thr  J^>tj^'  and  i-  uojn^  to  do  .^ojjieihjng  abtMJt  it  1  ht»pe  we  can  pro- 
\nU  v'iU  vtiih  inaU  rtai  to  help  \ou  It  is  wry  jmfMn'tant  to  do  so 

Ml  HkowN  That  j>  aii  appropriate  comment  The  committee 
v\i[l  do  M^metlnn^T  about  ihe  probU^n^^  of  education.  There  are  other 
[irublems  thai  face  us.  d>  >ou  ha\e  just  indicated  We  have  had  a 
derline  ifi  n^auutiict  ui  m^;.  to.^s  of  markets,  sonn^times  not  due  to 
lai  k  oj  adi^jUait  U  iraiii'^d  Mit^nti^^t^  and  eng'neei^  but  to  other 
[ihinonu'iion.  sukh  as  a  (.uncentration  on,  we  will  >ay^  snortrun 
prorit>  ^ersu^  ihe  net-J  to  look  at  the  long  range  rn^ed  for  develop- 
ment 

Thert^  is  anoilu  r  .i  jK  Ct  which  1  will  just  touch  on  briefly.  Yester- 
iia>  I  h.id  a  viMt  ^rorii  a  Swedish  group  lhat  is  looking  at  .some  of 
iht-  Lhange^  homg  f>ioituLed  b>  st  icnue  and  technology  And  I  un- 
dtT^taiid  the>  \isited  IBM  and  ma>hc  had  a  talk  with  Dr.  Lou 
Branscomb  lu  f^jre  the\  i.ajne  uj!  bt^re  But  the  chairman  of  that 


^;roup  tiiJtdi*  (t  \»t\t\{  vthuh  jH^hiips  wo  hivv  nej^lccled  ovtT  here. 
I  ft*  k«'[jl  iiu'ittiorntL^  jt  riittt  j.s.  wluU  i.s  the  purposi^  ui'  all  this  sci- 
t^ncr  and  lechiiulu^y? 

In  Sweden  ihey  steem  lu  havt*  re(.opil/i»d  that  the  fundunienUl 
pur[H).sf  ks  lo  tmite  an  improved  qualil\  of  lift*  for  their  citji!L*ns. 
Thui  i.s  (1  fiitbtT  a>nii>rt*ht*nhi\e  kind  of  a  jfoal  which  we  don  t  think 
(iboui  ovtT  \\VTi*  U}i>  n»u/h  It  ls  nul  the  resf|ionsibiHty  of  leadership, 
riMllv.  to  in<»ki*  Utopian  \>\<ii\^  ^ibuiit  the  quality  of  life  And  to  in- 
.spjre  iht'  pt4)ple  At  lfa.st  we  doii'l  conceive  of  il.  Our  main  job  is  lo 
^;et  eit^vted  ju.sl  hkt*  Lou\s  jul>  i.s  lu  make  a  bit^ti^  r  profit  next  quar- 
ter tor  IBiM  We  lack  that  eucoiup<tb6iti^  and  in.spiring  ^oal  which 
.sufms  to  be  nt^cebsnry  iu  acti^eve  quality  in  any  activity 

I  don'l  know  we  are  going  to  approacli  that  and  t  don*t 
expect  you  to  havt*  an  answer  to  it.  But  if  the  Commission  can 
come  Hp  with  something,  it 'would  be  ^^reatly  appreciated, 

Mr.  C<>i,KMAN  We  will  certainly  try-  But  I  don't  want  to  be  too 
pt^ssimistic.  I  think  that  th**  American  people  do  have  great  ideals. 
And  there  arc*  people  in  the  country  whoi  from  time  to  time,  articu* 
late  them  Sometimes  their  voices  are  crowded  out,  But  if  and 
when  the  r^^ilil  op[>urtunity  comes,  there  are  people  lyho  articulate 
tlies*^  goals  Thv  fact  that  you  have  people  involved  in  the  National 
Science  foundation  lb  one.  The  fact  that  you  have  Congressmen 
who  may  not  fifid  this  to  be  the  sexiest  issue  for  them,  but  they 
Miink  it  IS  bo  iin[>ortant  that  they  do  devote  time  and  effort  to  it. 

The  reaJ  question  is,  how  do  >ou  ^alvaniiie  all  th^  resources  out 
there  now  when  the  country  has  such  a  need  for  them?  How  do  yo.^ 
do  It  short  of  a  crisis  such  as  a  war?  I  low  can  you  do  it  when  you 
don't  think  that  the  only  threat  vou  face  is  the  Soviet  Union?  And 
how  do  you  increase  the  quality  of  life  for  atl  our  people^  That  is 
whf»*  ;vi  ou^ht  to  be  abjut. 

Mr,  BiiDWN  1  am  very  pleased  that  we  have  a  Commission  with 
the  quality  of  leadership  that  you  represent,  attacking  this  prob- 
lem I  ma^  suggest  to  the  Board  one  or  two  other  areas  in  which 
thev  ought  to  set  up  similar  commissions  in  the  future. 
'  Mr.  Cor,KiVfAN.  That  reminds  me.  When  Mr.  Lincoln  was  Presi- 
dent. Great  Britain  did  something.  And  his  Secretary  of  War  said, 
'  Why  don't  we*  call  a  war  on  them,  too?'*  And  Mr.  Lincoln  saidt 
"Gee,  just  one  war  at  a  time.'*  So  let  us  try  to  finish  this  problem, 
*  Mr  Walc^kkn.  Thank  you*  Mr  Brown  ' 

Mr  Bateman  , 

Ml'  BatkmaN.  Ti^  *nk  yout  Mr  Chairman. 

Mr  Coleman,  let  me  be^in  by  saying  that  I,  3 in  sure  all  of  us 
a^rOQ  that  you  are  to  be  comjnended  for  extending  your  very  long 
and  dislmguished  career  in  service  to  the  public,  interest  in  Amer- 
Ka  hy  wliat  you  are  doin^  now.  Beyond  being  commended  for  it^  I 
thuik  It  IS  only  fair  to  point  out  that  we  are.  in  this  country,  con- 
tinuing beneficiaries  of  that  bervice.  And  your  being  here  today 
and  what  you  have  befn  invc  Ived  in  is  just  another  demonstration 
of  the  value  of  your  participation  in  the  larger  cont^erns  of  our  soci- 
ety 

I  wpuld  like,  if  I  may.  to  ufJer  some  comments  artd  to  seek  your 
reaction  to  them.  And  the  comments  are  inspired  . in  substantial 
measure.  I  guess,  by  going  through  the  report  of  the  Niitiona'  Sci- 
enc|L^  Board  where  you  make  some  sptH*ific  comments  on  contribu- 
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tur>  prubl**itis  wittiin  the  lar>;t*r  dimeribion  wt*  are  dibciibbingt  and 
particulariy  iks     n'iiiU*«  lo*'*achers. 

In  he  report*  and  thib  ih  ivaj;e  1,  you  point  out  the  deficiency  in 
niimbers  of  those  who  are  in  the  prtxollege  bjbtt^nii  teaching  math 
and  bcience.  That  is  a  deficiency  in  gru&b  numbers,  even  in  lermb  of 
our  pre.sent  coht^itiont  and  that  js  in  the  context  that  there  just 
ibn*t  enough  going  on  out  there  to  start  with.  But  even  in  the 
present  context,  therj  are  not  enough  teacherb,  50  percent  of  those 
teaching,  unct*rtifitd  in  iheir  fields.  To  me,  a  larger  figure  that 
becmb  to  cut  against  all  that  we  are  now  recognising  and  trying  to 
do  that  bumt*  --"i  pertent  of  thobe  presently  teaching  in  math  and 
bcience  anticipate  or  indicate  that  the>  expect  to  leave  the  field. 
We  are  not  going  to  bolve  the  problem  by  lobing  those  already  in  it, 
Ubpeciallv  when  I  think  all  It^jic  suggests  that  those  we  are  losing 
are  probably  those  most  qualified  and  are  therefore  in  a 
better  computitnc  position  to  go  out  into  the  private  sector  or  to 
gain  greater  remuneration  that  comes  wi/h  their  superior  training. 

All  of  this  comment  is  by  way  of  a  concern  that,  even  with  the 
bill  that  we  marked  up  here  in  committee  earlier  this  week  ad- 
tlre>>Hig  ^h^'^t'  problems,  and  I  think  every  person  on  the  commit- 
ttt'  hhares  the  view  that  they  must  be  addressed,  we  have  perhaps 
held  back  in  une  area  that  is  so  logically  important  to  a  resolution 
of  the  problem,  and  so  clear  because  mayb6  there  is  some  pain  or 
difficult}  asboci<Ued  with  it>  politically  or  otherwise,  the  problem 
being  we  are  no*  doing  those  things  necessary  to  create  the  incen- 
ti;e  for  the  competent  and  the  dedicated  teacher  ih  science  and 
mathematics  vtho  jb  alread>  in  the  field,  or  to  attract  those  of  simi^ 
lar  quality,  to  get  into  the  field. 

And  my  view,  over  time  that  situation  can't  be  improved 
unles:  j  are  some  ecor  <  incentives  to  retain  tlie  best  that 
we  now  nave  and  to  attract  .  ^^er  numbers  in  the  future.  Do  you 
ft^el  that  there  is  some  merit  to  >our  Board  speaking  to  the  nece&si- 
t>  for  incentives  in  t^^acher  compensation,  rather  than  what  has 
become  tharactenstic  of  mobt  school  systems  of  across  t he-board  in^ 
cre^ises  for  evt^ryone  in  the  system  regardless  of  the  perception  of 
their  competence,  ability,  dedication  and  training? 

Mr,  Coleman,  That  issue  is  a  very  important  issue.  It  is  unoer 
active  debate  wilhin  the  Commission,  And  the  Commission  is  going 
to  come  up  with  a  recommendation  It  may  not  be  the  most  popu- 
lar one.  but  we  intend  to  come  up  with  a  recommendation.  We  do 
think  in  part  the  problem  ii,  mone>.  But  in  addition,  it  is  in  part 
having  an  atmosphere  that  will  continue  to  attract  teachers  io 
teach  and  to  stay  in  the  system. 

We  will  alsjo  think  that  maybe  one  of  the  ways  of  helping  us 
holve  the  problem  in  the  short  run  might  be  to  develop  some 
s>st«m  where  industr>  would  lend  for  an  hour  or  two  teacher^i  to 
teach  particular  skills  within  the  schooL  The  one  thing  we  don't 
want  to  dot  because  we  think  it  really  doesn't  serve  the  public  in- 
terest. i&  to  make  this  IS-month  stud>.  write  a  report,  and  the  only 
thing  you  hee  in  it  is  that  if  you  hpend  x  million  dollars  more,  you 
'A^iil  have  a  better  program. 

We  really  want  to  try  to  tell  you  exactly  what  you  have  to  do>  ^ 
and  we  think  we  have  an  obligation  to  say  something  other  than. 
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wi'lL  t\  viHJ  <»[j[j[oj>ii<»H'  nioiv  nii>rii\\.  >ou  tDiiy  t;et  a  little  better 
pimiurt 

But  i  a^ivo  \\Hh  ><Ki  Vuu  havi»  j^ul  vour  flnj^t^r  on  oni'  of  Uie 
mo>t  imp4jrt<mt  f<ictors  And  you  huM*  to  r<Mli/i*  ill  ihv  ^amr  tinir 
vui*  tuik  about  needing  people  who  can  tra<.h  and  understand 
nlathemcltlc^  and  science,  you  can't  devebp  a  society  that  \b  illiter- 
ate i[)  iorei^ii  laiiu^<i^^ '  1  know  all  of  u^  probably  ought  to  be  some- 
what enibarra^bed  when  w^  tio  abnta<l.  We  walk  in  the  room  and 
we  inunediatelv  .start  speakni^^  Kn^Iisli  Other  people  speak 
GeiniaiL  Fiericli,  Japanese,  t  *  ('h■•leM^  and  there  are  very  few 
Americans  who  eari  sliiH  and  ^Ex^^k  rn  the  lorei^^'n  Ump^ungi* 

So  t  reallv  think,  and  thi^  rt'Obon  wli>  I  quoted  what  Governor 
K\ans  i^iid,  *ve  are  not  ^ojn^  to  bay  take  all  your  money  and  effort, 
do  nothing  but  teach  pt^ople  mathematics  and  science  We  also 
iiet-d  Kn^lihh.  we  need  htieixn  lan^uatces.  we  need  other  things.  We 
intend  to  trv  to  meet  th^u  i*i*»ue  luMd  on,  <nid  we  may  irritate  i^onie 
of  thi'  groupis  that  ri^prt^ent  tl■ai.he^^  and  look  for,  perhaps  ri^^'htly, 
across-the-board  raises. 

Mr  Batkman  1  don't  oMer  comments,  I  have  made  in  the  context 
t  liat  there  i>  suniethmg  inequjtous  about  the  orthodox  point  of  view 
aTn^^^^^  the  edacational  associations  and  their  general  perceived 
tlunkm^'  on  this  Oiice  upon  a  time  I  wah  a  classroom  teacher,  so  I 
am  ver>  st^nsitive  to  how  p(K)rl>  they  are  paid  across  the  board  and 
how  mufli  irRreas<*d  teacher  compensation  is  .i^cessary, 

1  applaud  ><jur  wilhiif4nehs  io  confront  this  proposition.  I  think  it 
Is  one  that  is  soriouslv  neceh^ar^.  Ix^t  me  also  hasten  to  add  ^hat  f 
dott  t  have  a  simplistiL  view  that,  if  we  just  have  merit  pay  *'or 
math  and  science  teachers,  thesi^  problenis  would  disappear.  Th  ' 
art*  much  aiore  diverge  I  think  we  are  in  need  of  an  attitudinal 
chiin^e  on  the  part  of  our  hotietv  to  the  importance  of  the  subject 
ni<itter.  not  merely  from  the  aspect  of  having  competent  scientists 
who  ^^o  on  to  win  more  Nobel  prize^s  than  apiyone  else,  but  a  diffu- 
sion of  funding,  at  liMst  on  an  elementary  basis,  of  the  principles  of 
.srience  arid  mathematics  amon^^  tjie  general  population. 

1  a^?am  applaud  what  you  are  domj(  i  am  sure  we  will  all  look 
forward  to  further  recommendations  from  the  National  Science 
Board  and  cerlamly  wish  you  well  in  what  you  are  doin^j 

Mr.  Wal<;rkn  Thank  you.  Mr-  Bateman. 

Mr.  Skeen 

Mr  Skkkn  Thank  you.  Mr  t'hairman. 

Mr  ('oli'inan.  1  want  to  cimipliment  \ou  on  the  prtwntalion  that 
you  have  made  and  the  job  that  you  are  tryint^  to  do  because  I 
think  you  have  monumental  difficulty  U  moving  in  that  direction 
iiiven  the  Ui.iMH)  school  distrjcUj  that  wi'  have  in  the  United  States 
and  the  autonomous  kind  of  character  we  try  to  maintain  in  our 
school  .systems,  it  is  extremely  difficHlt  for  u.s  to  view  any  kind  of 
ehim^^e.  purticulari>  in  dealing  ^^ith  the  professionals  in  the  educa- 
tional i^y.^li'm.  and  effect  that  kmd  of  change. 

We  have  talked  a  lot  about  Sputnik  this  moriiin^^  and  how  we 
reacted  io  that  We  sei*m  to  like  to  do  this  in  American  life  very 
ohen  I\ver\  hnie  somethmf<  f>ccur?<  we  react  by  ^^o^n^^  to  tlie  ex- 
treme, oiie  sidt*  or  the  other  V/e  are  doiiif^  tliiit  to<iay  in  science 
imd  mathematics  All  of  a  hudden  it  has  dawned  on  us  that  we 
have  a  decided  paucity  of  this  kind  of  i^rofe.ssionals  and  we  need 
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lij*  Hi  \it\  \Kit\]\  -^^im^A  svslvnis  Uj  nuH'l  to  it  by 

I  iSiJik  iUt"  \wtir{  ol  v^]uil  sou  tire  ^avin^  is  in  your  inlerini 
r<,'jji^rt  on  |m^c  Yuu  s<nd  dtiun^  iht^  first  (>  montii^^  of  Us  work  the 
<\miinrHon  ubser%ed  a  marked  jJRrt'aM*  in  loml^th  about  orycol- 
It^Uv  Kiaf^i^nut  its^  stit^rKt\  te*,hnotogiL'al  t^^ducalion  Howt?ver,  there 

nut  >i^i  .IN  a^N't^nii  tit  t*bi>ut  iUv  [iariiLuliir  chaintjei>  that  should 
b\*  iiiadf  aiid  ^  hi^  shiiuld  i^lh-i  t  thnr .  i^r  \iuv^  the  rhtm^^eb  should  be 
he.sl  iini^l*Min*ritt^d  Th*il  is  thtM(u<*^ho[*  I  \M>idd  like  lo  ask  you. 

I  k^^>^^  thut  has*^  tht^se  task  ionf^  st*t  up,  Uo\^  vtt^ll  received 
(itid  liuss  Lot^|Jc^ati\e  ih>  you  HtnJ  the  *itiiiusphert^  unionist  profes- 
sLuii^Js  LJL  the  edULtit^oiial  (leld'^  I  knovt  it  i>  vi^i>  difficult.  Who  are 
thr  tuit^  rei^fi^.-^i^jitalAes  uf  this  gioup  that  >ou  mut,t  deal  \^ith  to 
effrU  a  rapid  ^hanKt'  in  directum  m  the  the  school  fe^yatems 
work'^ 

Mr  (  ol>MAN  an  lujtUJiale  havf  on  tlie  (\)mniitNsion  itself 
two  UNiLhers  active  m  the  selioi>I  .^vsti^ni  ObvioUslj,  they  educate 
Us  on  hu\^  >ou  appHuah  |)eo|>!e  vtho  <ue  piirt  of  the  s>.steni.  In 
laiK*^  tM»t  M  depends  upon  ^etlin^^  the  school  hoards  tu  reCogni/e 
tli<(t  rliL^  i>  i[npoit<in1  <tnd.  I  think  that  happening  in  the  coun- 
tr>  The  (^Aenior  o(  alinusl  *in>  State  loda\  realizes  that  if  he  or 
she  is  ^oai^i  to  kei^p  the  jobs  m  that  comniutiitv  that  it  mu&t  have  a 
better  sclmtil  ^\steni 

And  a,-  von  bettei  than  I  do,  \^hat  lealh  movers  this  coun- 

tr\  aii  <iruu^eii  [Mibh*.  opiiiion  oii  anv  issue  And  I  think  that  we 
b<i\i^  tu  Mjiiieho^^  aiousr  that  ofjiiiioii  That  i:>  the  reason  why  we 
tet*k  a.s  ^se  i^o  tliJouj^li  this  i)roci  >s  and  conie  up  with  our  own  un- 
derManJiiig.  it  i^  e^uallv  nnpurtant  that  we  make  other  people 
part  of  the  |>roees^ 

A--  ><Ki  reniemhei.  in  ihosv  da\s  when  wr  h<td  a  good  hipartisan 
[oreiL;ii  polK%.  it  w<i>  Ijecau^e  \\^*  bad  lVesidelll^  who  would  come 
up  jnd  talk  til  the  Con^ircNs.  esen  th**se  ai  i>pposjtiun,  *tnd  get  them 
to  a^rt;c.  riorneuii  ■  s*iuK  'Don'l  h*ist'  nie  thiTt*  when  >ou  are  going 
ti>  I'lunch  the  >hip.  if  I  atn  not  thi^a^  when  viju  lay  the  kecd  "  We 
iiojK"  we  can  dp  ihi-  same  thing  l>\  talking  U)  the  teachers  to  get 
thc^ni  nitert^sle<i 

We  <il>o  hcise  tla-  ad\<uitage  of  hasin^  on  the  <^jnimtssion  some 
uf  the  u,st'rs  i^l  tlie  svsteiii  wha  aie  acti\e  in  husini'ssand  the  mili- 
tary 

Ml  ShKE-N  ])o  \iiu  find  *Ui  Aif  of  enthusiasm  lor  tins  kind  of 
change  nn<i  rf*acli<ni'* 

Mr  (^lt,KM^N  Oh.  y<'s.  tlien^  is  no  di>tibt  about  it.  I  think  the 
nuhlu  t'jda\  re^^>glll/e^  thi-re  is  *!  deficii'ne\.  and  Mmiething  ha?i  to 
he  .ioru"  flope  that  this  <  onunission  has  the  <ihiht\  and  foresight  to 
he  able  to  niastt^i  that  feelnig  *uid  to  come  up  with  the  correct  reC- 
oinnien<hiti<»ris 

Ml  Skkkn  I  alM»  notiied  that  in  this  particular  t;ortioii  ol  your 
repiat  It  said  that  vou  h<i%e  not  reached  *in  arcii  of  agreement  on 

hat  the  tfoids  are  that  \uu  want  U)  *iehieve  I  know  it  is  very  early 
in  this  tbin^.  liov^eMT.  do  >ou  find  sume  areah  of  a^jreeinent  on 
w  h<<t  the  t;'»al>  slii>Ljlii  be '  At  least  to  get  si^mc  refineiiient  of  where 
vte  art^  trving  to  uo? 

Air  (^il,KMAN  We  are  m  the  puRi^ss,  the  (*oinnn.ssiun  is  not  uni- 
fied Speaking  hii  iii>selh  I  ln>fie  we  will  set  a  time  certain  by 
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which  tlu'  ijrobIi*rii  should  ht?  liolved.  The  figure  in  my  mind  is  5 
yean*.  In  '}  yean*  >uu  ou^lit  to  be  able  to  do  what  is  needed  and  the 
school  system  ought  to  be  functioning  the  way  it  should  be 

Mr.  Skeen.  I  think  that  is  very  realistic.  I  want  to  share  with 
you,  too,  your  comments  on  lingualism  amongst  Americans  The 
defmition  of  what  is  trilingual,  a  person  that  speaks  three  lan- 
guages. What  IS  bilingual?  That  a  person  who  speaks  two.  What 
is  monolingual?  That  is  an  American. 

Thank  you  very  much. 

Mr.  Walgren.  Thank  you,  Mr.  Skeen. 

Just  one  other  thought,  that  is,  that  i  suppose  it  is  not  a  new 
thought  that  the  more  things  change  the  more  they  remain  the 
f^ame.  And  I  do  appre*;iat«  the  role  of  a  clean  break  in  starting  new 
prograiTi:>  and  in  initiating  new  directions.  At  the  same  time,  as  I 
say,  I  ofter.  wonder  what  we  are  giving  up  when  we  totally  break 
with  the  pabt.  h  there  anybody  on  the  Commission  that  is  looking 
at  what  we  do  through  the  National  Science  Foundation  in  the 
education  area? 

i  knowi  for  example,  one  of  the  major  thrusts  that  you  are  look- 
ing at  is  how  do  you  broaden  the  appreciation  of  science.  And  we 
did  have  a  program  to  do  that  that  has  zero  dollars  in  it  this  year. 
And  it  hati  zero  dollars  in  it  largely  because  we  wanted  to  stop,  and 
the  Commission  was  in  a  sense  the  mechanism  by  which  we 
stoppedi  or  it  was  what  was  given  in  exchange  for  stopping. 

Is  there  any  ability  of  the  Commission  to  look  at  what  we  were 
doing,  and  if  it  is  true  that  we  are  going  to  be  recognizing  the  ya^ 
Udity  of  what  we  did  do,  to  make  recommend  at  ic^.s  or  recognition 
of  the  value  of  those  programs  so  that  we  can  have  as  short  a 
hiatus  in  valuable  programs  as  possible? 

Mr.  Coleman.  We  are  quite  aware  of  that.  We  realise  that  often 
the  resources  available  in  the  past,  if  the  work  is  begun  again,  may 
well  solve  the  problem.  As  Bert  Lance  said,  if  it  works,  don't  try  to 
fix  it.  Just  make  sure  it  keeps  on  working.  We  are  certainly  well 
aware  of  that. 

Mr.  Walgren.  When  will  your  final  report  be  completed? 

Mr.  Coleman.  October  1983.  We  will  meet  that  deadline. 

Mr.  Walgren.  Are  there  any  more  interim  reports  expected? 

Mr.  Coleman.  We  have  had  four  meetings  and  we  have  two  re* 
ports.  I  would  think  there  will  be  another  interim  report.  If  not,  I 
would  undertake  the  responsibility  of  briefing  your  staff  as  to 
where  we  stand  so  you  will  be  kept  aware  of  the  type  of  thinking 
we  are  doing. 

Mr.  Walgren.  WelK  we  would  appreciate  being  kept  infoimed. 
And  I  would  ask  you  to  think  about  whether  an  accelerated  report 
on  past  programs  might  be  able  to  be  considered  by  the  Commis- 
sion so  that  we  would  have  whatever  views  are  proper  in  those 
areas  in  the  nearest  term  posisible. 

Mr.  Coleman.  I  will  commit  myself  to  put  that  on  the  agenda  of 
the  Commission  for  March. " 

Mr..  WAtjGHEN.  Weill  thank  yuu  very  much,  Mr.  Coleman  We  ap- 
preciate your  time.  We  want  to  express  the  respect  and  apprecia- 
tion of  the  public  as  a  whole  for  people  of  your  caliber  serving  on 
that  Commission.  I  believe  nothing  could  be  more  important.  We 
are  very  pleased  that  you  are  the  one  that  is  involved  in  it. 
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Mr  t\n,KMAN   II      very  kiiid  of  you  to  say  so*  Mr-  Chairman, 
Thiink  you  wry  tunch 
Mr-  Walgren,  Thank  you 

We  now  turn  to  Dr.  Knapp.  the  Diretlor  of  the  National  Science 
Fuundatiun.  Dr-  Knapp  ih  appearing  for  the  first  time  formally 
befyrL*  the  ^ubcummittee  in  hib  nevt  poi^ition  as  Director*  although 
ht*  i&  familiar  lo  us  thr>jut;h  the  efforts  of  Mr,  Fuqua  on  the  full 
committee- 

We  want  to  welcome  aUo  Dr  lA.*vtih  Bran^Lombt  Chairman  of  the 
National  StieiiLe  Board*  v»ho  is  hert*  accompanying  Dr*  Knapp 
today. 

Welcome  to  the  committee.  Your  written  statements  will  be 
ifiacfe  part  of  the  renjrd.  Wl  welcome  an>  later  written  submissions 
in  further  uxfjlanatiwn  or  development  of  an>  points  you  believe 
the  Lommitte**  and  the  public  should  be  apprised  of  as  part  of  the 
publiL  TL-cord,  And  with  that*  please  proceed  as  you  feel  best  to 
communicate  your  views  to  the  committee, 

^;TATKMK^T  OK  DR.  KDWAKD  A.  KNAPP.  DIRECTOR,  NATIONAL 
SdKNtK  KOINDATION.  ACCOMPANIKD  HY  DR.  LEWIS  M, 
lUtANtiCOMH.  (  fL\IR>L\N\  NATIONAL  SCIKNCK  BOARD 

Dr.  Knai'P,  Thank  you*  Mr,  Chairman, 

1  am  pleat^ed  to  be  here  for  your  first  day  of  hearings  on  the  ad- 
ministration s  f^i^tal  >e*ir  U)Kl  budget  request  for  the  Foundation, 

Toda>  s  hearinf^s  focus  on  science  and  engineering  education  and 
training*  a  subject  of  great  current  interest  and  concern  in  the 
Nation*  the  Congress,  and  the  admmistration*  especially  as  it^  bears 
upon  the  quality  of  precollege  I'ducatiou  today  in  the  secondary 
schools. 

The  Foundation  shares  this  concern  and  is  moving  in  a  concerted 
and  deliberate  wa>  lo  develop  a  clear  const*n&us  on  the  nature  of 
the  problem  and  the  strategies  needed  to  alleviate  it. 

At  this  point  I  would  like  to  turn  to  Dr.  Lewis  M*  Branscomb* 
Chairman  of  the  National  Science  Board.  He  will  comment  on  the 
role  the  Board  has  pla>ed  in  setting  the  Foundation's  budget  strat- 
egy for  fiscal  year  lOSl  and  the  Boards  part  in  developing  a  con- 


Branscomb. 

Dr  BRAN,S(i)MR.  I  would  like  to  take  a  few  minutes  to  touch  on 
tbe  highlights  of  the  B*j*irds  m\olvemenl  in  this  budjjet  and  on 
vth<it  It  Lontams.  1  will  paniplirase  my  prepared  lestimonyT  and 
then  I  Will  discuss  specifically  the  isfcue  of  precollege  science  educa- 
tion* 

Mr  Walukkn.  if  I  could  note  for  the  record  that  this  is  in  con- 
trast  to  the  liuards  involvement  in  the  H>S1  fiscal  year  budget.  Is 
that  corretM:'* 

Dn  Branscomb-  No*  sir  1  would  like  to  speak  to  that  in  due 
course*  quite  specifically.  The  Board  was  very  active  in  1981,  I  want 
to  be  sure  this  committee  understands  exactly  the  Board  s  activity. 

Mr.  Waix;iii5N.  t  would  be  interested* 

Dr  Bransiomh.  We  meet  this  I'pring  under  fortunate  circum- 
stances. Having  listened  to  the  President*s  state  of  the  Union  mes- 
sage* and  having  looked  at  the  content  of  this  budget,  we  can  now 
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^sciv  tJiol  tJu"  rii^m  vkht  tht'i  tln^  (.ouritry  riet'ds  stront;  ^science 
cJ[kI  rij^iin^rnii^  tci|j^4l^jjju  a  Arlh  Jucati'd  ^iroup  ol'  .sjH^CiaHsU^ 
Miii  a  uvinTallv  .skilh^d  piililn  ,  >^  no  lunjj!!  -  rtrs^n  iswui*.  On 
that  qut'ijticni  vvt'  ;ire  all  u^tlt'thtT 

And  tin*  issuK\  d  thert*  \s  an  i5yi>ue.  j.s  ^mh  ^^hai  j.s  (ho  btvst  way  to 
UM'  the  Miint*  n*.s<>iin.t*>  iivaikible  to  u^.  What  is  the  most  effective 
s\ay  tu  nujvt'  alt  tJiosi*  (jbjivtiv**s  :jhwKr^ 

fhv  Foundatu^ti\s  propn  n^U\  ui  ihi^  Htjard\s  vu*vv.  i.^  to  support 
advdiKt'»  in  M.u*iKV  Ami  t*ri>;i[H'<  in-^  ihat  l*i*  U.Vund  the  horizons  of 
mwi>t  i.ompanH*N  tt>  ihv  ln^;hi*,t  quality  uf  education  in 

.science  and  t'UKHitvrjJit;  ri*Mauh.  Ut  j^r<i^  .i-v  ^uih  education  in  the 
k'olietie.s  and  univerMtieN  iind  \v  impru\t^  tht^  tiMchinji  of  math- 
eniatjis  <uid  .sCieme  jn  .seui>ndao  i^chooLs  where  it  can  do  so  with 
ht^h  leverafs'c  and  rn  support  of  comr*iLin[(y  a^vals. 

In  ord*'r  to  ai.\idtr.*ie  th**  ujiitnbutjnn  nl  rhe  resulting  know* 
ed^e  and  .skdl  tu  tlie  ea^noniy  and  to  {\\\  i>t  ^ph\  the  Board  dlssO  en- 
u'uurat^eh  clot>t^  <»nd  votiint*uv  co!l*iboitjtuj[i  b**tv\v**n  univcisities, 
toilettes,  and  pri\ate  companies  Tht*  Board  ha^  Jjcrn  attive  in  all  of 
tho.se  area.s  in  this  [>u^{  year 

Fifht  let  [ne  sjv  tht^  Board  i.s  pleaded  tSat  thi.-  budgt  t  will  permit 
a  balaiaed  stren^^then^ng  of  ai)  the  Held^j  of  &cit  ute,  vthile  it  focus- 
e.s  on  .sfK^iifii  aiva.s  ripe  for  rapid  advancenjent  ofiVring  special 
benellt^*  lI  \h  (in-  sul^e^^^ul  important,  this  budjiet  acldresse:- 
Urgent  neetLs  lor  thi'  reboildtn^  of  facilities,  in.strnnientation,  ant! 
equipment  in  the  ie>ear*.h  laboratories  of  eJuialiunfi!  institution^? 

The  budget  nlle^-t.s  Boaid  elTorts  to  ^'ive  |>artiio]ar  attention  to 
several  matter:^  in  VJ^^l  tht*  Board  devoted  its  primary  policy  de- 
velopment efforts  to  clarjf>ing  NFS  s  role  in  supportin^i  science  and 
engineering;  edu4.ation.  lo  the  adequ<ic>  and  emphasis  of  support  in 
the  soiial  and  iKhaMoraZ  sciences,  and  to  the  academic  research 
kOinmunity  s  rie^'ds  lor  rtsearili  instrumentation  and  equipment 
The  Bthinl  provKl*  d  poln^v  guidance  to  the  staff  in  all  three  areas. 

In  August  the  Board  adopted  a  statement  of  policy  and  pro- 
jjraiTi  pru>nt>  on  .■M.^f^nce  *md  engineering  education,  and  it  ap- 
pfcved  the  same  da>  the  [>irt*ctor\s  implementation  plans*  which 
wpre  quite  s|K*eifie 

This  uork  provided  tla-  hasi.^  lor  the  ^subsequent  establishment  of 
the  Board  s  (  onnnission  and  idi^ntjfied  the  kinds  of  program  activl- 
m  preitdiege  niatheni,dii.s  and  science  education  appropriate 
for  NSF 

U't  nie  remind  you  af^ain  thaK  in  Auge?t  PJS2,  the  Board  and 
the  Foundation  submitit*d  a  budget  whkh  included  fundti  for  iici- 
ence  and  educ*ition  We  Kq)prmed  polay  stati*mont  on  the  proper 
role  of  the  FoLindatiot:  jn  --ri'^nce  education.  And  we  approved  an 
iinf>lt^tni*nt<ilion  st<ornn^nt  that  coutaini^d  both  the  (.'ommiswion  and 
siKViHe  arljvities 

If  the  eh<urmaii  will  pcudon  me  ior  differing  with  the  comment 
he  m<idc^  earher.  Irom  the  Board  s  pinni  of  viev^.  we  did  not  stop 
sth*nie  edutatioii  effort.-^  m  order  to  st<irt  the  Commission.  We  did 
not  intrnd  that  ejfort-^  should  slop 

On  the  n(ln*r  hcmd,  I  <lo  not  fault  a  judgment  that  says  that  ef- 
forts had  .arrived  at  a  p^hh  pass  at  the  time  they  were  stopi>ed.  The 
sctenie  edriiatioh  pn>gram  had  been  dt^linilig  lor  many  yeai's*  it 


M-^i  up       (\)nimi.^>i'i[i       ifv'  [^ii'-t^         ^M\jn^  nn  ^^utl'  on  us 

to  tu^  -.pfHilKMlly  arii^t'  ui  a  ;j.inir     k  lii^-lntm  A>  a  inatU*r  of 

laot  <juitt^  >lu-  ruiurar>  \V<'  u  int^  rtininijs>u)ti  iu  nrdi*r  to 

^^t^iM-ruU*  that  pM  '-^^iff  Hut  \\*'  U  U  t^u  i*n  --urt^  uu^ht  lo  ht*  ilvtiiT- 

(  ^MtiM*-^  tHifl  rt^^iiifiat  j<'N  St  J]  t  f  f  i  f*^;nj/<'  ifi*^  latitat  has 
l»H*ii  a  t  uns(*(ju*'Mi.  i\  I  r<)m  tii\  j^oi^iT       \  irv. ,  .1  (Jc.^ij  ablt^  ronK*- 

<)UfMtV 

ill  t}u'  iinaitl  iMid  --iHVJal  ath^iUion  to  '>[jjK>ituiuln^>  <iad 
f)trlu>  i>>ut'>  iji  Mii;i(K^i^rjn>:.  thf  |>lai)i  MK^fut-^.  *:oiijpuU^r-rehiti^d 
i(^-.t-art'b.  liH'i  aitt'inatioiMl  ivrKt-  S^n  no-  t^du^^alioii  acUvitk^b 
t^voi'^t^ti  a-,  Hi^anr^^  ("■utiMa-.-iiiji  -Hi  I'it'^.t>lU-tit^  iuluailiOii  in 
Mattif-inatt  -  ^  *  ik'<-  and  Tt^  luinl .^v  witH  lo  work,  liavin^^  al- 
KMd>  i^^tahh^}.*  tti*'  furln^v  -.(att  rn^'fU  *utd  l)irt*ttt>r">  propoM'd  im- 
plomt^ntation 

Tht^  l^n'^t^nt  Uud^:*  t  n\|a*^-.t  would  peruut  rmtnbvv  of 

uiUtal  ixM^iIs  10  ht'  ,4iiiirv»t"<I   [.i^l        ^^i^i*  >ou  .^onu"  i*xanipk*s 
Kir^t.  a  ^al^'^laiitial  iH*itjtjn  ul  tla*  HfU  [und>  ^mII      to  modt^rni/a- 
pim  o(  -tantifu  i-quipfii*'iii  I  bt*Iuvf  Or  Kivworih  hus  u^t-d  the 
iu  d<>*,rjlH'  ihv  ^-lalv      iiian>  uhivi^silv  iabutaloriesf. 

I  1  vr  KuisK  [  t>t\i  in  A  di-im^tu^bi^il  riK'tnlvr  of  ihv  National  Sri- 
i'tt^  r  lS,>,trd  tit*-  iit'tu-t.i\  EloiUi'  To  iv^niiin^nh'd  that  m  bis* 

"<aiipan>.  -.^.ii^itti-.i^  aiojij^vit  ui-l  t  Lirut  nt^iii-ui  ^upinrtt  in  a  neati- 
Kin-  Uiat  I. IT  thv  latjo  wl  nist MiiUfnttitn*ii  support  provided 

NSK  j;ra[itt'f^ 

Miust  nnhlv  tluil  LondUioM  TUi^  h\.ul^{-t  ^nH^^  ii  loMf?  way  to 
■  i'l  l)Ul  tfi*^  t^ap  latj^<^  It  wiW  taki'  *>t^^tTal  yt'an>  oi  imwaii^d 
^  i\mtri.  ppt  uiu'stm^itor.  and  a^  iu^^  tht^  bi>ard  to  a(*w  ixirlicipants 

Thr  lit^lii  ot  [iiath*-tMatKs  ha-  hc^t  n  ni-^KrU^d  Cor  a' tiujiibcr  of 
and  ibt^  ia^ld  fu^h>nt.dl\  ha>  boi-n  a  nia^iit^t  for  the  ino>t 
brtthaiji  vourm  -.Ujdrnt-.  !Su(  ih*-  vjtjlt(>  of  tht-  fij-ld  ha>  .suffered 
atiiJ  lu-t^i.^  -.ojju^  n'huildiuK  ^o,  loo.  -Jtdtvti-fi  a'tni>  in  the  social  sci- 
4'Tiir>.  nit^nt iiii*d  Ul  ihr  Hoards  polio  >tat*^nH'nl  Ia>t  vcar  Thosi^ 
*itf^a>  arr  ,iddn-s4H!  ni  tbt*  fi-.^  al  >(-ar  li^^l  bud>,vt 

Plant  bioh^ti>  bci-  b^^K^n  rt^^o^^fnmJ  as  an  opportunity  art^a  for 
Ann^iK.trj  jt'n*.o  that  lan  liavt^  onl>  ^4'ifntjtlc  and  t^conomic  bont^- 
iiX^  ti\  1  iutih  uifii^r  Tln^  niolviular  bii*Io^\  aiUanct\^  of  rirrnt  >t-ars 
l^r*H*do  ibi  j;i>ijjt  uj  dt^i^artijjo,  bat  ti'JIuiar  cujd  dt^; t'lofinn-nial  hiol- 
4>^y  <ind  tlu^  laorh*^nH-'try  o(  plants  <iik'  nv<-*v iiii,^ attt'Ltion  from 
(^iily  a  handlul  oi  [(M^lin^'  labonitonv-^  ?  ^ 

Vi't  th*^  n»*\v  -<jt^ntitK  findin^^  from  thi-iO  iahoi at^\J^^^  i-ncourajje 
ifj4^  M\t-\  WuiX  a  rn^\^  knovtl4^dL;t  ba>o  tor  a  rcvtilulion  in  a^ricub 
tan^  and  tn  natural  pioduU>  t4^|jin>luK\v  tah  bi^  oar>.  if  wc^  f^o  after 
it  Tht*  an^*ina]\  ot  rlu>  >nia(i  t^lfort  m  thf  fati'  ot  i^xcltmg  rosciirch 
l^4xs^*bllltu^^  u-^ult.s  tr^ni  t\\o  lact>  Flr^t.  tb*^  nunnpulation  and 
iloiiiHii  oi  pbirjt  4i'll>  an^  oltvii  niorv  dilfjcull  than  for  livinf^  ani- 
raaL^.  loibni^iui^^  an^  not  yd  full>  aviulabtt-  Second,  rtv^earch  fund- 
ing: ha>  n^ntt^n^d  prjiju|)all>  *>n  ht'iiltb'<>i'K'ntod  a^i^ncio.s  which 
hiwv  not  ^iM^ii  .t>  tmu  h  attt  ni  UfU  to  this  Held  a^  they  should 

Kn^^itiff^nn^  i^  ii\  tht^  nuddU^  of  a  rovoluinrn.  brou^;ht  about  by 
jievt  tt»<Miiio]o^^>  -  ihf  *,4^inpat(^r.  thut^  simulation,  ^raphich  d(*hit;n 
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and  rubotJcs>  <ind  hy  a  new  urgency  ahe  demunstrated  ability  of 
fjapan  tu  us>e  a  wt^lltruint^  on^ineenng  force  to  produce 

guudi>  uf  higher  quality  and  luwer  cu^t  than  many  firms  pro- 
videJ 

Cuncurrentljt  the  Board  sees  striking  reasons  to  invest  in  re- 
search in  cumputtT  science^  in  electrical  and  computer  engineering, 
in  the  dpphcatjun  ncA*  information  technulogicL,  and  in  address- 
ing the  mobt  urgent  problems*  in  education  in  computer  skills. 

Thcbt'  t'xamptt's>  will  ^ervt*  to  ilJubtrate  something  of  the  iiature 
uf  the  Buard's*  impact  un  budget  priuritieb.  The  prucesb  begin^^  each 
year  m  the  late  fall  and  winter  when  teams>  of  Board  members  dis- 
cubb  priorities  with  the  Director  and  with  Assistant  Directors  and 
other  senior  staff  in  the  Foundation.  The  Board  also  looks  at  spe- 
cial ibsueb  .such  a£>  the  £>tat^  of  s^cience  education,  capital  faciJities* 
and  international  opportunities. 

In  February  and  March,  the  Board  dit^ussoti  Jong  range  plans 
and  program  priorities,  ab  it  is  iiow  doing,  anticipating  the  fiscal 
>ear  198o  budget  Furthermore,  the  most  important  issues  that 
emt?rge  make  up  the  agenda  foi  the  Board  s  June  meetings  which  is 
devuted  excJiJsivel>  to  fulJ  discussion  of  two  or  three  major  topics. 

All  thitf  work  is  reflected  in  the  NSF*s  budget  submission  to  the 
Ofilce  of  Management  and  Budget  in  August.  The  Board  and  Direc 
tor  s^ubmit  a  budget  they  both  support.  This  work  is.  of  course* 
done  within  the  pulic>  framewurk  established  by  the  President  and 
the  Congress.  The  budget  request  to  Congress  follows  froru  the 
President's  final  decisions,  as  he  mu^t  meld  NSF's  budget  proposals 
with  those  of  the  rest  of  the  Administration, 

Now  let  me  turn  to  education  in  science  and  engineering.  As  I 
said  earlier,  the  responsibility  for  college  level  education  at  N^F  is 
placed  within  the  operating  directorates.  The  Foundation  continues 
to  concentrate  the  majority  of  its  resources  on  resear^^h  in  college 
and  universit>  laboratories,  for  there  NSF  not  only  finds  superb 
talents  willing  to  compete  for  sup^rt  with  their  best  ideas^  but 
also  by  following  this  policy,  KSF  contributes  to  the  training  of 
some  10.000  graduate  students  in  the  most  rewarding  fields^ 

This  i^tudent  support  complements  fellowship  supportr  which  con- 
tinues to  be  a  vital  component  of  the  total  strategy  for  providing 
the  next  generation  of  scientists  £ind  engineers.  For  fiscal  year 
1JM4,  NSF  Js  begmning  a  new  initiative  to  further  encourage  youn- 
ger faculty  in  fields  reporting  shortages  of  such  faculty  Dr  Knapp 
will  be  discussing  that  initiative,  ^  ^ 

Two  precollege  initiatives  will  provide  an  important  contribution 
to  the  encouragement  of  excellence  in  mathematics  and  science 
teaching  and  to  iniprovem^t  of  the  professional  capabilities  of 
mathematics  and  science  teachers. 

I  wun't  Comment  about  the  dimensions  of  the  problem,  Secretar:y 
Coleman  addressed  them  abl>r  ull  of  us  are  familiar  with  the  facis. 
The  Board's  Ciimmission  has  been  working  to  stimulate  the  broad- 
est awarenesbyuf  this  issue  and  actions  to  address  it.  In  my  view 
and  in  that  respect,  it  already  has  been  successful,  A  torrent  of  ac- 
tivity now  involves  prufessiuua)  societies,  business  leaders.  Gover- 
nors, and  especially  the  school  systems- 
One  Item  that  impresses  me  most,  not  only  as  an  observer  of  the 
Commission's  wurk  but  also  as  an  individual  in  my  company  trying 


u>  lirip  till'  t'tltUfUjtjiial  hvstt^m  uf  tht*  company,  \h  the  amount  of 
iii^Hiuilv  \n't\i^  \>ti>u^\\\  ti>  biMF  m  different  Statt^s,  different  com- 
rnLiriitii*b.  b>  coiiip<iiik*>,  ^i>vfrnors,  and  srhool  bystems.  They  are 
findir^b  ingenious  \^ti>i>  tu  tiet  M  thih  isbue  so  that  it  captures  the 
pubtic  imagination, 

1  urge  btrunglj  that  we  learn  as  much  as  can  about  these  ini- 
tuiti\eb.  And  that  ai>  the  Federal  Gu\'ernment  tries  te  be  ar  helpful 
a>  it  can,  it  kt*epi>  Us  tn)ilit>  tu  n-bpuiid,  flexible  and  broadly  Leased 
M>  that  the  truh  lucal  initiative  can  be  purbuc*d  and  so  that  it  can 
effect  its  proper  nt;*ltiplying  factor  across  the^country. 

As  Mr.  t'uli'nian  said,  the  t'ommii>hion  will  complete  its  work  in 
Oclubi'r*  and  the  Board  j>  arranging  itb  own  plan^^  in  an  open  proc- 
ess fur  all  to  see.  Ab  lie  said,  quite  rightly,  the  Commission  intends 
tu  >tarl  discu3hin>i  its  own  conclusions  in  public  shortly. 

That  *h  entireh  proper  bince  it  is  important  for  us  to  know  hew 
the  vievt.s  develijpt*d  in  a  ;.on>ent,us  are  accepted  by  all  the  different 
people  m  this  countr>  ^ho  niu>t  join  force*?  if  we  are  going  to  be 
successful.  The  Board  itself  is  organizing  itb  plans  so  that  it  will  be 
able  tu  act  quickly  on  the  Commibsion*s  recommendations. 

One  oj  t«e  beneHt^i  of  the  Commission*s  doing  its  work  in  public 
*ihd  >hann*i  it*,  eail>  thoughts  about  itb  recommendations  is  that 
the  Board  vtill  t>e  t^^ngaged  in  dialog  on  thiij  issue  in  parallel  with 
the  r<.nnni.'>sJon.  In  fact,  the  Board  will  devote  much  of  its  June 
meetin*^  to  the  discussion  of  science  education  in  order  to  be  reat-y 
well  in  advance  of  October, 

The  Board  believes,  as  it  said  in  August  llf^O,  that  NSF  can  and 
must  pla>  a  leadership  and  tatal>tic  role  in  the  national  efTort  to 
solv*^  this  problem.  Tliib  an  important  bubject  on  the  national 
economic  jgenda,  ^e  are  making  a  sit^nificant  start  in  this  budget. 

Let  me  make  two  other  points  about  the  NSF  program  in  fiscal 
vear  then  1  will  stop.  Fir^t,  the  Board's  11th  Report  to  the 
President  and  Congress,  which  you  recently  received,  is  on  the 
t^^*-*  'L>nivefsit>-Industr>  Research  Relations.  Myths,  Reolities 
(iKd  lMer,*ials."  It  describes  a  dynamic  situation  with  a  rapid 
gro^^th  of  sviL*itific  and  engineering  eollaboration,  which  surely 
will  aceeltTJte  the  evolution  of  ne\i  research  ideas  into  the  econo- 
my and  help  industry  to  be  more  innovative  and  cOijipetitive. 

Even  before  the  report  was  completed,  rapid  expansion  in  the 
number  of  such  collaborations  had  been  reported.  NSF's  early  en- 
ioura^ement  helped  trigger  this  development,  but  we  are  not 
under  anv  illusion  that  NSF  caused  it.  It  is  driven  by  natural 
forces  that  will  be  good  for  both  groups  of  institutions. 

Thib  phenomenon  should  make  the  Congress  even  more  confident 
that  the  investment  it  makes  in  long-range  university  research  will 
indeed  be  **n  investment  in  jobs  and  a  better  life  for  the  American 
people  It  IS  the  dynamic  coupling  with  the  private  sector  that 
^ause.^  latellectUiil  and  educational  investment  to  bear  prompt 
fruit,  I  assure  >ou  that  that  coupling  is  strengthening  rapidly. 

Second*  let  me  call  attention  to  the  Boaro  s  considerati  >n  of  in- 
ternational science  ibbues.  Increasingly  we  need  to  help  U.S.  scien- 
tisli,  get  dcces,s  to  field  i>ites  abroad  for  scientific  study;  we  need  to 
be  able  to  build  collaborative  lelationships  with  the  increasingly 
stiong  scientific  groups  in  countries  like  Germany  and  Japan;  and 
we  need  to  be  able  to  plan  jointly  major  research  facilities  which 
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ari'  iiitri^LsHi^lv  tIjHuuU  to  tiiiid  for  the  exclusive  use  of  any  one 
country 

The  Board's>  polaj  .sLiti^tieiil  of  LlsI  September  will  ^u'idv  tho  di- 
rettoFates  as  tne>  take  rebpori^il>tJjl>  for  both  donle^^?^k:  and  inter- 
naUonal  a^^pecl^^  of  their  Helds  uf  tence  ahd^'erigrheerint^,  w  the 
help  of  the  InternatioMi  Dj\i^ion  of  the  Foundation  and  the  guid- 
Eince  of  the  Depsirtnient  or^mte. 

Tho  Board  does  not  expect  the  uv^  vtd>  of  managing  to  diminish 
ihe  importance  of  jniernatumal  relatiyn.s  iti  scienee,  indeed,  the 
Boiird  yeeks  to  make  ihen^  luort  tt^^hU>  loopled  'o  the  U.S.  interest 
in  sciences  v^hich  uitlode^  the  need  for  a  fiet?  and  productive  wurJd 
scientific  community. 

FinaJly.  let  me  note  that  I  reall>  feel,  as  I  said  at  the  beginning, 
that  a  science  polkv  orieated  to  economic  a.s  wei'  a^  national  se- 
curity  goals— IS  enier^^in^  and  reflected  in  the  plans  of  the  Foun- 
dation. As  a  consetjueiRr.  I  feel  more  optjjnifttic  about  the  future 
than  I  have  relliii  quite  a  ton^i  time. 

Thanlt  you.  Mr  Chairman. 

[The  prepared  .statement  of  Dr.  Branscomb  follows:] 

Si,\fp;mkst  iiK  Dh  I^Bwir*  M  IJhas.^'Omij 

Mr  I'J  ■  [[[la/i  MiA  riii'njhfTs  kA  thi'  >ubvomfnjU«\  I  am  l^cwus  M  Bransc^jmK 
('hiLiriiiti''  '*i  N^iLiftL^iJ  Ait  [LLr  |{iMrd  U  i>  my  pliMsure  ti>  appoar  before  you 
iQiUi\  Ui  iii^u-.-.  tiit  uuthirfi/^iht-ij  of  i\it^  fi.svcd  >^ar  y,^^\  bud^^f't  for  thi^  NaljoiMl 
S("j<m(v'  Voiitidiiiutn 

I  imII  sumnt^irj/t'  X\n'  ttiMnJ  ^  rojt-  m  yln-  vvtj^trui.Uon  thj>  budget  and  di>cui>i) 
^me  K)i  Hu'  Buard^^  tt^itH'^  aurai^  thf'  Ui^t  >t  ar  ihut  tLj\o  «i  l)ourjn^  on  tb^'  strat- 
t'g>  bt'bind  tbj^s  bmWi  th^-  pn<jraii^^  iii  il  ^md  tli^  tM>]j^>  js^uo  th^it  circ'  jttnchiKl  to 
jl^  impJementfitiMi  I        be  bnt'f  tii  '>rcj('r  lu  a>  murh  omc      pof^Mblc  for 

your  quchnon>. 

Thi'  Prc\sid*'iit  ^  V^>^  \  bud^ol  oUtuht^ji  a  hk^h  pr*urit>  tu  Ibc  Xas^k  of  str«*n^lhenjng 
ihf  ncdiiemu  ^'temt^  dntl  eci^Lni.'t'njt^  b<iM>  on  \^hKb  the  riijitjon'^  e^v>nomAi.  and  mdi 
ttLty  s<!iura>  d«p*'r>d  A  vi*r>  ^ubHt^iiii lal  jnLroa>e  in  bai>it  research  funding  js,re- 
(juc^u^l  iU  ii  tinit'  \*hi'o  Hiill  Kri  us  art'  c^j^<-r  ro  mt  tht'  fodrr^d  budget  ^ci|>  dosvd  and 
cvvrv  ufint^^-iiiirv  tt^Jtr^J  *'^p^fidaur^.'  rl*i[iijial«l  I  ur>?t  tb<?  O^nimitte*?  to  aulbor- 
thv  fuU  amount  ri^4ut'>UHl  Un  tbt^  tV^ufiddhun  jn  thji>  bud^t't  In  so  doin^j.  I 
ax'^urf^  tbt*  Subcimjnnlii^'  ihA  tht'  NaU^-nal  S^vi^^niv  Board  ha>  \M.j^hod  \ei>  careful 
\y  the  prJ^JrLtu^s  m  Lb4>  budget  and  it^  j>er^uaded  tbal  the  investments  proposed  are 
indei^d  nm'iv^jr>  Furthf^fniuri^  vn-  are  tunfidtnt  that  the  monii^t  wjll  be  spent 
wjii<*ly.  ihrou^b  liie  widl  rt'^sfxN,  tt'd  tompHitJve  re\je\*  >>sleni  that  tju?  Foundation 
has'tjsed  for  more  thurt  thirty  year^ 

The  |>eopJe  «f  ih\>  *.khiuU\  tirtr  <^a^er  to  Xhv^  econotnur  \i\a\iiy  of  ihe  Unjted 
hlali^s  n^kindied  and  ajjrt^^  wilh  Vr\^nU^ui\<  HnpLiM>  r^'tajnin^;  lei»dership  m 
scieiio*  and  It**  hm>)0M>  an  *iinH/rltuj;  rien*enl  of  e^onumK  Mrai«'K\  The  private 
siH,ti>r  >b4niLd  tM'  r\t>i>i.ted  \*f  make  it"  'Mtt  inM-himtnt^  in  rebeartb  iiud  de\elo}> 
ment.  produUiun  AUii  M^rvi^e  ^e^h(Joi^Jj4^  The  Niitional  StivHii^  Foundation's  projxrr 
ri>i^*  iS  tu  >upport  atl^ani^v-  m  Siieme  and  wi^ineennj?  that  Ne  bejond  the  hon/ons 
ot  must  compitnitv^t  t^^  encourage  the  hi^heM  ijualLt>  uf  i^dUi^L^ion  in  ^tentific  and 
ensinei^nnt*  ri'hvaKh  anj  pra*.tiu\  and  to  b*.Ip  improve  Ihe  ttvchmK  of  niatbematJCs 
and  Mteiiii'  lu  M'l^^aidiirv  .svhiM>U  v^here  jt  ean  do  >o  with  hj^h  tevcrage  aiid  in  ku|>- 
pon  lit  uinimunit.v  K^^ak  In  ■>rder  io  accelerate  ibe  o>ntrd>uljon  uf  the  resulting 
knoivWge  mid  ^kiil  Ut  Xi^*-  (^oiiian>.  iht  Ifi/ard  aJ^^r  eiui^ur  i^<>},  Llose  and  voturrtary 
Oiliaboranon  betiveen  university  utid  private  ioini^my  reMaf^hi  r>  The  Foundation 
has  bt^en  acte.<^  in  ati  iKeM'  art\i>  this  i^i>t  year  I  ^^ii  nc4e  the  hijihhtlhts  First  let 
me  speak  to  reM'^irch  pr^ontie.s 

The  budj,'*'^!  r<^fl*^l:s  the  ernpliaM>  that  *he  l^u-ird  h.i>  pUced  for  several  yeijrs  on 
invi»<tm(*nts  u>  ^ipapna^rit  pe-^pb-  ivi^rk  in  the  fdi\Mui]  scif^nces  and  engineer 
in;;  Hui  .iM'  pUmm-yJ  that  this  b^iduei  fiefaiiU  a  balanced  strenj^theiun^  of  at! 
rieid>  of  ^luence,  whde  fiHUMxy  ^^t^  s|J♦>u^^  area-  lhat  are  ri|H*  for  r;ipid  advance 
nient.  lUai  offer  s}>*'ual  beueriJ>  if  M-s-.tul,  and  th»it  addn^ss*  the  mo>t  ur>;ent 
neefl^s  for  rebui^djni^  *fi  Ui  thiu  ^.  niMrunienlalion.  and  equipment 
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i  \n  hu^l^U  n  fill  U  IWnl  *  ((urij*  M>  K*^*'  pdrljvultir  ^ith■ntlorJ  tu  st-vc^rnl  matters 
Ijl  y^^l        [iinml  tit  ^i'ImI  iU  j^i  LiiMt>  ^h>\u^  Jt'VrU>pni(':it  rlTorlb  tu  ^i(inf>i(i|^ 

pohv>  <ujdit(Kt'  lu  ihe  >t(4ff     tilJ  thm'  jmt^  In  Ao>;usl         ih^*  Ocidtd  jtdi^pK^  n 
-^lau  nit  nt  tJ  jM>Ji4.>  .Kid  pni)(Mni  priont)  on  ^t-ivn^e  ^nd  vn^me^rm^  education,  <ind 
,ij>pr<jV4^i  iht  ^wiiv  <Llv  tht  hiftxtor'^  imj^k^mt^Ntdtiun  pUns  Thhs  work  provxdt.'d  thc' 
,  l><j^i^  lor        ^u^^uj^^i  i>[  4  >tuhL>hnit'iJl  ot  thr  Buartl  >  ^unLiriLSbtun  and  tdontiHed  the* 

pririt^"  br  r^SF 

[ii  l^i^J  At  j>iiid  ^jHMdl  ittti-ntLixi  t^j  upj>i)rlu(Liti4'>  and  poltu^  js^ues  id  t'jIgtnK'r- 
lukh  tiK  fddfit  ^uMut'^  ((>ii)putiT  rt-Jatfd  rt'M'(in.Jj,  and  iriU^rniit tonal  stjcnct'  Our 
Wt>rk  on  ^*ffi^*'  rduvaUuci  t  v<>Ut*d  a>  tliv  lWrd'>  (  oIIlJT*J>^*lorJ  itn  Prt*-CulJt*Kc*  Eduui* 
tioji  in  Miilhi*[T»atJC>,  ScJi^nct*  and  Technology  went  lo  work 

Thi  preM  nt  budget  rt^iut^t  w^uld  r^^Tmjt  a  s^K^nifjct^nt  i1u(ntH.'r  lA  crittcaJ  nC't^ds  to 
Ih  .4(jdn^*<l  U^t  riu  K^^^'  >uu  sumt'  examp]e>  A  subfctaiitjul  ixjrtmn  of  the*  new 
Juoih  \^j1I  l*^  io(Kltr*i*/alii)ri  .^JHitjfK  t^nuij^nnjnt  TIk*  stratt*j.'>  oi  jncludmji 
f  tfit'^  (uj)J-'  «vj}iui  tltv  hu4l^4t>  Uu'  -ttv^^nd  Jjn\|tyn4k>>  will  lidp  erasure  thai  the 
r^t  in\n\ti  oJiL  fu'n  iIh  Jin  nl  i>\  Iht*  proptKrf^l  ^vork  us  ver>  hi^jh  The  new 
t'4UipJotiit  ^iJI  U  ai^piitd  u]  j^*>l  UioM^  f>rojt\t  arf  j>  v^xlli  llic  }ijghi^t  jjoti'nlmi  lor 
■^m'm*rj\  pa>ufr  Thj>  rebuddm^  tif  the  urii\er>jt*efr  hiix^raturift  ajII  hiivt*  lo  Ih.*  ^on- 
tiiiut'd  a  number  of  '  ear>  iH'Jvre  the  h*\v\  of  modernj/ation  js  even  iHjunt  to  that 
Ui-i  ,il  .^J  iiwik*-.trMt  *  M-arth  Uru\er>ilv  laWtilories*  of  tounse.  should  workmg 
Vit^W  i\n  |i-rt'lruul  o(  ^nclustiMl  rt*inMrvh.  thev  shouJd  hiJVe  ac<?ess  to  evon 

timrf  ^^i\ii<in.ttXt^l  hiuhtu^  and  vquipment 

Tht  \tl  A  /iMtht  riiatj(.>  lias  Utji  netjU^ied  for  a  number  of  jeiiffe,  and  the  Held 
La*^  Ju-^Il^i  1-^^]]^  a  ri^aifiiet  fur  the  mi^^t  brjlJumt  ^ounj^  pf'ople  Thl'  \jtuJtt>  of 
[\n  fit  Id  Tia^  ^al^  n*<l  au<J  rK't'<J>  si^me  rt^buildiNiJ  So  ttw*  do  selected  itrea!>  in  the 
MHial  -.ut'iKr^.  jdentjfinl  ui  Ihe  liuarfl'^  pohcy  statement  htvt  yoiir 

l*Ltril  h(txl"j>;>  ha?  b<tii  rt^u^'^i'^t'tl  uj)|>ortunjt>  drea  for  Americnn  scienc*? 

that  ^(Ui  ha^i  iHi]y  -^ivuurn.  ajid  Koiiiaiiiv  [H'uefjtM  of  a  hi^h  tmler  Thi'  iijoiccuiiir 
hiuh^gv  ad\aim*s  oJ  rt^t  rit  >t  ur>  jjr4*\  id*'  Iht'  jMxjnl  of  defMriure.  but  c-eUular  and  de- 
\tlupmtntal  bitd^ii^^,  and  ibr  iiuh.la'f)Ji?'tr\  tti  plaiiU  are  rocCNVinfr  attention  from 
Jid>  a  bandlul  i^l  U-adin^i  1  ai>i  orator  J  Yet  thv  new  j-cji^ntjrjt  HndinKi*  from  theije 
lsd;iiraUjra-?<  tfKi^ura^t'  thv  In^htf  th(il  a  ^liuli'  nevv  knuw Ied>;e Imso  for  o  ri'volutton 
III  a^rik^Jturr  ^rnj  m  natural  prudu.ts  U'l^hnolo^v  can  bo  our.s  The  anomaly  of  this 
*i\uk\[  1  ffi^rt  in  thr  fa^^  I'f  iht  wry  rxvitin^  rl>M.'aroh  poiv>ibditj<^  resulti^  from  two 
tait?<  K^r^l,  tht'  cuaniF^uliit^^u  anil  vlujun^  of  plant  cells  are  often  hikrder  than  for 
Iisin^  aruniLiU,  t^xhni^iue?-  .uv  not  yvi  fullj  available  Second,  reM^iirch  funding  has 
tiTitind  [>nrn.i\><d\y  on  ht-allh  urienMd  a^enLit^i^,  whtih  an*,  bc><;(iuH^  uf  Iheir  roles 
and  missnjji^  rnc)r/jnttTf>led  m  humari  ph^.^iolofjj;  than  in  plants  ^ 

Kn^Hii'er^n^  m  thv  unddU  uf  a  revolut^un,  brought  aboot  b>  now  technology' 
'  tbi  ^^>nij>ViUr.  thu-  -iUiiulatkui^,  ^rapliiv^  dvM>;n  dnd  robotics)  and  by  a  new  ur};encj 
d<  nh>ri.^trat4  d  abil^.v  i>l  Jap^ui  to  u>e  a  lar^e,  well-trained  enKnteerJng  forcx'  lo 
priduti'  go(Hl?<  uf  higher  quaht>  and  lower  vui4  than  m^iny  U  S  firms  provident  Con- 
ourrt  jjtU,  th^  H^Mfd  art:*  .^Inking  reasun>  to  jnvi^t  jn  rui>earch  i  computer  science, 
iti  t  Itvtru  td  and  ^.uniputi  r  t^ngjm^Tiiig,  ^n  the  appli^al^on  of  new  information  toch- 
ni'L^xt's  and  ill  a^ldnv^^n^  Iht^  niosl  ur^i-nt  iioibh  jus  jn  ^-du^atjon  m  curnputer 


Hk  t'\afiij^h'^  w^ll  si  r\4  to  iIhj>t/aU'  ^unjelh^n^  of  ihv  nature  of  the  National 
S^\y  li^e  lJ^>ard  -  impavl  un  badge!  pnontit'-  The  prvKexs  U'tjm.s  each  year  jn  the  lato 
f^dl  and  w^jLtcr  when  team>  i^f  JWrd  mfmber>  m?.cubi>  priunties  wjth  the  Director 
and  wuh  A>?)-.taal  I)tmtur^  and  other  senior  >ta[f  of  each  of  the  dj.snphnary  areas 
Wt  als<j  Uw^k  at  .^iHtjal  i-*suo.  >m,h  aa  thr  state*  of  .science  t^uvatjon,  capital  facih-^ 
ta  ajul  iiiti  rnatuaial  upfx^rtujiitit>  In  Februar>  and  March,  we  dtbcusb  lon>;^range 
plain  aial  prn^fuji^->  priorita-^  f urtherniorr,  the  iwkM  important  j.%ueh  that  energy 
niiikt  up  itiK  a^i'iula  fi^r  Iht'  Board V  Jujie  meeting,  whith  j>  devoted  exclusjvoly  to 
fujl  distu&>ioj)  of  t^^u  oi  thm'  jnajor  tojat^  All  this  wurk  ii»  reflected  in  the  NSP's 
bud^t^t  7.ubnn->ioii  lu  thf  OMB  tn  AugiH  At  that  >tiige,  the  budget  ^jojntly  retom- 
na  inh^d  to  the  Proident  by  the  Dirt^ctur  and  the  Hoard  ^  I  aajd  This  wurk  i&,  of 
^  Lour>e.  di^nf  Aitlun  tin  totitt  xl  of  the  uv^rall  ^joli^y  framework  estal>l*J>hed  by  the 
IVeMtli'ni  ^%nd  \U^  C "oii^in^-.*  arid  llu-  Goal  budgfl  re^tui*st  t<j  Congress  folluws  from 
the  Tresideiit'^  fimd  dmsiohs 

NoiA  kt  nii'  (urn  to  t*duiatjua  in  Jhe  .-.^  iej*vi*s  ajid  engu^-i-nng  A^  J  snd  above,  the 
re>|K>jjsihJ*tv  for  ^ulle^i  level  <^iutat*on  placi  d  Aith*  iw  i^t^iTatm^  Directorate's. 
Wi'  tvntuior  to  vimccNtrate  the  majority  of  our  res^yon     on  research  m  tiolliffje  and 
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ijt>-*^'-  Jiv  ItiimriiUftH'-^  U>r  rln^n-  tm  on\\  Tim!  ^uj>i^rb  laWm  Wijlljn^;  to  nwnjH^lt* 
UtT  siipfH^rt  uitli  ttii  ir     ^1  Mlr^t-.  t^it  h>  ^rliiivkin^  iSiis  [mUi  \  .      ((mtnbutL-  to  the 

thi"  totaj  ^'iiU-^  ior  providKJ^i  thr         i;i7it'.**(ji>N      n^i^-i^t^^ts  ,uid  rjipm^T-*  For 

iZ^'iiitvJ  i4  ^■^TitrJJf't^o-  Hi  nuith  ami  sMr"}tt-  U-acbj^t^  d^d  jn  impn^\infi  tho  prof(\s 
siiiri:Ll  uipahiL:|i(s  ot  math  .uid  Miionr'  ti-d^  h:  rs  Th^^  dLrm-ii?«kuti^  of  the  problems 
tcin-iij  tUi'  NaUc>i>  s  sthf^iN  j^^  tht"^'  jr. is  ^in-  /ipA\  wrlj  kiiowta  The  l)oarf*'!i 
sian  has  Uvii  <-atr>in^  otjt  iK  v^oiX  VMth  thr  Jlil^nt  ol  siiNUjlatLn^  tho  hroucKM 
(iwart-nt*?H ,  iA  ih?>  »ssur  .uid  tiof;s  Mw^^  hc»s  hmi  cjuit*'  sutvos^fijl  m  my 
ojjJhjoii  A  i,Tfai  \arn-ty  of     tivitu-s.  b>  proU^s-in^Jial  -^^tK'tjt^s,  ;ts  Iwtder^^  tiov 

tvi^^r-.,  and  ^^sfxv  mM>  rht^  -i^h^^^d  s\-.uvi*>  thfmscKrs  arr  /i^jm.  bt'i^l^^  i^tTicralf^l 

W  ■  t-\|3(vt  the  ("oiiimj^sion  to  <.<miph-U"  .1^  ^atk  m  OctobtT,  iind  thf  !k>*ird  it  ar- 
rim(i»>i;  ^is  ^^^mj  p^iin-*  ic^  ^ui  t^ujoklv  on  the  roxJiniissit^ri's  wammHidatifm^  Thf 
toriij  <it  ihi^it  tonclu^nrfi>*  -.hould  bt^^iJfi  t*^  biv<)iur  ^ lear  ln^r  this  ^pnn^i.  for  th<* 
(V^mmjs-ijon  ^ar^\i^i^^  tn*t  its  mtrk  tiiiiU^  pubh^  h.  t  iiOHir^\\iiUi^  fc^vlback  from  CjIj- 
/4ms  ,nd  tra^'hrrs  m  the  lowtis  \^here  thv  Cannni^sjon  mt'4  t>  The  Hoard  behovs.  «s 
r!  sjid  ^tt  Au^ju>(  Ji'^L  Hut  the  NnF  <.im  .uid  «itjst  p]:iv  a  k-^derslup  ditd  caUlyttc 
rol^-  jn  ih**  natHJna^  Hh^rt  to  sol\<^  this  pn'hlem  This  js  a  v(t>  im|XjrUint  >ubjt'Ot  on 


1^*:  m^^ti^ik*^^ tv^o  t*fhtT  fx>jnt>  abiiur  the  \Sf"  pr^J;^ram  jn  ^^^>i  I  The  Itoord's  1  lih 
tu  ib4*n*n^idrnt  and  COhtiress  iwhich  you  ha^e  fi'^ontlj  rft;(*ivt?d>  isi  on  the 
(opjt,  (-hcver-iilv  Jndostr>  Ht^MMtch  Helatwn.s  M^th.s.  K^aljti^sand  Potentials?  l\  de- 
stiIm^s  a  ((\ii,irnn  .sjtijatjon  v^jth  a  rapid  ^irov^th  of  hCJenufic  and  engntet-rinj^  col- 
/atM^nitioti,  v^hrtfi  wjM  -»«rfK  a^^Herale  ihe  ewJution  of  nev.  reM\<rdi  ideas  into  Ihv 
<H^ofiomy,  and  hHp  industry  |?>^h"  m^ne  inno\ati\e  and  o*im[Wtiti\e  Kven  bofoix*  tht- 
r<'por(  WiiLs  tv^fTipieled.  rapid ^e3tpjf»>n^a  jn  the  ntJniht'r  of  surh  aill^twirauons  Urn, 
beni  reported!  NSF' s  KirK  enuairat^t'im-nt  heljw'd  trt>;^t*r  thjs  devt It^pment^  but  it  is 
dnvt-n  by  natural  fon:<*s  XhM  vii/l  fx-  v<^r>  ^i'Mij  It^r  iMh  ^^ro^ps  of  tnLsUtuUons  This 
phenomriion  ^ihould  miike  the  Contcress  e\en  mort*  tonfident  that  the*  investment 
ytiu  iuitkt-  it\  {otxi/^  ran^^^  uniM-rsit>  reMMrth  ^lU  ind<\*d  be  ati  mvesttnent  in  jobs 
and  a  better  tift*  for  our  peopio 

S<'vfind.  /et  me  ^ail  attei^tion  to  the  HtMrd's  coni^idonKion  of  mif^ruttUona]  ?cjen<re 
i^m*s  Iner^M^iiiijly  need  to  hHp  U  S  scienti^^t?  liel  access?  to  Held  sitet>  abroad 
tor  ^tiriKine  stud>.  tuTd  to  be  Mv  (o  budfi  coJJaboratm'  reflation shj|>ii  wtth  the 
mrrea^^injilv  stnmii  vtienti(k-  tjroup^  m  countries  like  <SerhianV  and  Japan,  and  we 
tiei'd  bo  able  tojointK  pJan  major  r<*hearch  faoditie^  whiefi  iire  inor<*a.siix^((>  dtffi- 
fiiix  to  tund  for  the  extlu-iive  tp<^  ol  an>  one  country  The  i*oard*s  poh<ry  st^itement 
ot  Uist  S<-ptejnber  wiJi  ^ruide  the  Directorcites  as  the>  take  respon-^^JbiNty  for  >xnh  do- 
me>itKr  and  mternational  a^jHirt:*  of  their  Holds  of  science  and  eniime**:  inj;.  with  the 
hoip  ot  tho  International  PivjMon  of  'he  foundation  and  the  f^uidanc^'  of  tho  Depart- 
meni  of  State  The  Hoard  do+^s  not  exp<^ct  the  new  ^ny  of  mano^fini;  to  diminish  the 
impc^rtantv  ot  mterxiational  relations  m  m  jentt^  indet^J  v.e  Mvk  to  make  tbem  mort* 
ti^iiitlv  eouph^l  to  the  ['  S  interest  \n  m  leiico.  uhafi  im  lud*'j»  the  nw*d  for  a  frv  " 
^ind  pr<xiM(  (i\e  Wrorld  ^"leiitiric  et^miiiuJiiCy 

FnialK,  let  nn-  note  that  a  science  j>fda>  -  A  men  can -an  en  ted  to  i-eonomic  as  Wrvl! 
as  national  sectinty  ^oals  -ts  emerjiinj^  tind  i?  feflt^;Ced  in  the  plans  of  Che  Founda- 
tion d  feeJ  very  optimistic  about  the  future 

Thank  yon 

IFoJJimin^'  IS  n  Iviii^r  ^ont  from  Dr.  Lewis  Branscomb,  Chairman 
of  the  Nationiit  Scit-nct^  Board  to  !)r.  Cecily  Selby,  Cochair  of  the 
MSB  Commtssion  on  Precolle^t^  Education  in  Mathematics^  Science 
and  Technology,  summarizing  the  Board  s  point  of  view  on  the  NSF 
role  is  ,scienct^  and  enf^inee^in^^  educaticjn.) 
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NAnONAL  SCIENCE  BOARD 


-.1  22.  1933 

i 

4S  SMtton  PLaCBi  South 
Wew  York.  N«w  York  10022 

In  QUf  phdntt  conv^fsatiQn  Laftt  tf«ek  I  premised,  t<}  provrLda  you  tfltn 
a  suma^ry  o£  the  Board's  current  point        vriew  on  the  t^SF  role  In 
science  and  onglnattrin9  education.  PartLCuL^rly  conceriilns  its  iTole 
In  precolleg^  education.    This  may  be  hftlpfui ^as  back9round  for  our 
Joint  meeting  on  May  Ih.  ^ 

W4  ha^  -x  discussion  o(  this  subject  at  our  February  Qoard  ;c«dtln9 
in  preparation  for  testinsony  that  1  would  ^xve  the  following  day 
before  Mr.  Walgren'?  Subcci3;nitte«  on  the  ^ST  1934  Author Lzatioii. 
Thift  p^rticulAt  hearLn9i  where  Bill  ^oleaari  alAo  testified^  dealt 
ip4Ci£lC4lI^  with  the  science  and  education  i^sue  and  also  focused 
on  the  pr4COlle9e  area* 

L«t  EEte  emphasise  at  the  outset'  that  tho  followln9  suooAry  should 
not  h4  taXen  as  an  attempt  to  constrain  tho  Commission's  deIJi>era- 
tlona  In  ary  fAShlon.    Rather*  I  would  like  to  share  our  current 
vrlewi  with  the  Coi?imissJon  to  see  how  Qur  pe*spQctiv«ts  mesh. 

Ox:r  OoArd  discussion  last  month  did  not  attempt  to  define  specific 
programs  or  projects  to  lAipIoJnont  «XLstin9  poliCLe^*  since  there 
are  a  great  cnany  such  proposals  now  under  discussion  and  we  hope 
the  CoRvnissIon  will  provride  us  with  a  reasonably  specific  fra;newa;k 
of  advrice  wirthln  which  specific  progriuns  and  proj«cts  can  be 
developed  for  the  futufe.  ^ 

4     What  the  Board  d^d  was  revrlew  ogr  earlier  policy  statsntont  and  some 
recent  thou9Uts  from  both  £d  Knapp  and  ae.     Put^^n^  the  role  of  the 
(fatunal  Science  Foundation  in  precollego  science  education  in  a 
broader  context*  the  aoard  informally  concluded  that: 

*  The  Foundation  should  act  in  ways  that  utilise  Its  unique 
talents  and  resourcos*  utlll^lna  the  supOgrt  and  knowlcd^^ 
of  the  sclentLfLo  acvd  on^ineering  ooctitiun].ty  with  whotn  th  ■ 
Foundation  has  worxad  succt^ssf ully  for  over  30  yearst 

'  The  Foundati:>n  must  continue  to  focus  6n  research** level 
education  because  of  the  Federal  ^overn.'aent' s  prima  y  rolo 
in  supporting  basic  research  in  univsrsLtles  and  the 
Foundation's  unique  expertise  in  cafryin9  out  that  role; 
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^^-^cr  .  „.r-.r>     ir  '    -       ^  .  . 

p  ir  ^ ^ ^ irl  /  -,r\»  J  J..  I"       ^  :  ..-"Vr  ■■   i'  .  ^ 

"  In  s**         4"  ^  pro  l         s^m^'-^r,-       i  "^^i^n  ivt .   i   -*>s  , 
fur   an  ;JSF  r^t^-  , 

The  I'oundation"  i  r,.lij  in  pr*iC^L  le?'*  aoicric^i  yiuci:,  i  ;r.  ^^ort^vs  £r*n 

:>Vir  ^^.ltJ^,ory  aj-.i^r^^y^  the  ^,hlnj&  wt;  dc  ^^^Ll*   in.J  our  eviLu^^ijn 

in  ^^rn. 

tJLjtl  ind  3^:l^?n^r*■  o Jj^si^i on  prot?r^mg  '  in  -h-?  first  Pfl'.tortce  a^ac^iiJ- 

tn  AtMi^i^fi.  soction  iZ)  calls  out  sPocifiC  ^^uthority  '^^ward 
<chL>l  it  tri  1^^-*  inrt  irvljsit^  f  ol  liOw^^iipa  '  anJ  "to  fuster.  -  .tho  us^  of 
coiflput^ir  irJ  vr-in-jr.    n^th:><a!i,   .for  r^jjc^r^h  and  ir. i^n  in  tht.» 

Pin^il/*  tti^  s^^tjtti  Ssi/s  thai  *thtf  ooi/J  ^nd  che  Director  sh^li 
rec^i^nenri  ina  er^C'^urii*;  i.ho  pjrsuit  of  n-iit^on^l  p^Lici^s  for  ^.htt 
promotion  of  ^a-sir  n^^Ltr'Sh  ind  o"i.^^at\on  \n  th^>  ^CiffcnC^s.** 

ThtJ»  ^ftt  100:01(1^  r^sponaLbility  in  r?a*^arch  ^trf  eJuG^^tiott  is 

Th*  jt^^tjttj  la  aiao  ev^jn-nanderJ  and  un$pGcific  afciout  tho  l<>yeU  of 
edjoatun  to  ^hiih  tti«  FountJ^^^xon  should  ^^cGord  luttiori^T  llow- 
^vjTf      "  coupii'ig  of  ''res^i^rch  and  ^Jac^tion"  sjgyeats  a  priority 
i^r  i^djc^tijii  that  13  *ssoCL^^r,odl  jith  research  trai.Tin^.  in  otA^r 
words  coJ'fl^tf  and  jttivcrsity  ittvtjl  ttduGsit lon^ I  problems*  ObviousLy 
tho  tDa;c^r    /  of  the  FounJation"  3  wl-jcitionai  activity  in  science 
and  en9iA«tirin^  is  ^^t  this  level.^    Oui^  poJ-iCy  <?f  invest-n9  pnmariLy 
in  ^ni-'CCax^Y  I'itor^tori^s  for  tho  Cort^uCt       baair  reso^rch  is 
mt^nd^d  to  assure  the  strength  of  the  'graduate  Sf    >ois  of  tl^o^e 
anivtjrsities.     Our  reso^tch  ^jrants  provide;  fmanCi-l  supp<?r^  f'^r 
ov^r  lO^siOO  gridaat'^  students,  m  additi:>n  t<?  oar  ftlLowShip  prO" 
jri_.     rhja.  iur  :>rincip-il  ^dyCsitionsil  .iCM'/ity       at  the  po^^- 
J^i  ft.i^T  ; trttin  thr^aJh  jradp>  12  Lev«l  . 
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V  wi-s*.'^  l-.-^Ll'i'J  inv*j3l.riefii 
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tn-  vn  VI       *■  r  !iJL  I      )     »int.o  jC  i  j<?nent.    >f  ^cl^JrtcO 

jn  tr.^afi  3^^t«iT:«nt3  *re  b<Jl:*rv<J  there  ara  sonQ  C7i>jer"ii  tli-at 
co**^  I  rfl'sdi  i  f  b**  dpp  lied  to  MSf  J  Pr*rcoll4^^  science  e<Iucati<jn 

Criterii  Joe  'jSE_  RoIcl  iQl  S<?iqnc**^i_^'^ti;^ 

Priniry  ^nd  seconJ^r/  tj-lotriticni  in  th*t  Urtited  States  la  a  v*at^ 

viIL  always  hdve  a  ^f^tl  t-^ltf,  oven  >rithin  th^  context  of  Ch4 
r^dej-il  (}over.-Mneat ►     The  fo  ^Jvin^  criteria  c^n  be  inferro^  £rom 
Chts  fact  and  Er^n         statijt^r'y  and  historical  roL*  or  the 
FOTjnditxon.    NSF  acti^i-iea  at  the  precoLlege  levei  -na/  not  meet 
All  '^f  the  criterLa  l.^t^d  her^^  but  s  o^iii        ^elected  acid 
des:^n«d  to  noet       '^.w       th^jn  as  {>j.  Edible.    An  activi^/  shoLiIdi 

*  Exer^  hi  jh  Loverr         A  ^roUary  is  that  appr^priste^l 
f'inda  ^iJs*^^  bo  su.£ui«nt\o  enaur^j  ^hat  t^e  activity 
will  riav«  the  lnterde<l  irtpact.' 

"  demonstrate  ica<lftrihip  In  the  nation-al  Lnt^rea^  thro^^h 
niarnplfl-^Sflttii^T    prototype/  test:in9,  ^nd  the  like; 

*  TaKe  ad'''anta<3e  of  VSr^i  acceaa  to  th«  Nation*  a  Laborato  itss 
^oli^ea.  and  un%"iraitiea : 

1 

'  Ae  as  fle^LMe  air  possible  in  ->rder  to  be  reoep^ive  to  new 
ind  jnantlctpate'l  i^^eaa.  and  encoura^^^  innovati'/o  projects 
involving  quaiitatLve  Lntprovenenti  in  science  education; 

*  Be  deaiVned  90  that  selection  of  in<iividual  project?  is 
based  on  oicceilence  ^nd  the  e/^luation  of  scionti£i<:  merit 
13  base<i  on  peer  review; 

*  Proitiote  the  involvement  of  state  an<i  local  ^overnfaer^ts. 
the  private  sector^  and  professional  scientific  ^ind  en^i* 
neering  societies  and  organizations'. 

Sx-imples  of  Poajible  Program  Activities  < 

1.    Leadership  efforts.  £<>r  example  through  the  NSB 
Conmissionr 

3.  Stimulating  the  i.^rtproveme^it  of  new  ^terials  to  help 
teachers  iceep  up  with  science  an<j  stiniulaCe  student 
interest; 

3-    Assisting  institutions  capanle  of  dssmting  teachers 
both  with  rti^toriils.  technoK^y.  an^t  content; 

4.  ©ringing  public  recognition  to  activities  and  programs 
In  science  ^ucation  of  unusual  ^tieritr 
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*]t4(iipi»  at  tbe  r^glinal  level ,  to  pr<>viJe  acKJntific 
and  techni^Al  support  to  s^i<jnc<j  e<!kicationr 

6k  Enlidncing  icc«s»  of  aecon^^aty  schools  to  colUgei 
mxivfttsit;/*  ^tid^  irvdustry  resources  in  scLertii^.dnd 
0C19  Lne«r  in?; 

7.     Working  with  colleges.  univcrsLti^Sx  «n<l  schools  to 

facxlLtate  coo(M?ratLon  At  the  hi^h  achool/collo^je  inter- 

8*     CooperA^^mg  with  the  educational  ccininunity  to  d«v«lop 
techniques  for  noa&uring  edtioati^nai  AChievanttnt  and 
t^w  a<Jt^,in9        educiti^nil  go^ls  and  standards  states 
and  cormunitles; 

Ptovldinnj  a  flexible  capability  to  respond  quic>tly  and 
effectively  t©  opp^rtunitms  t^  ^nc^uraje  innovative 
approaches  to  cooperation  betv*f<Jn  schools,  theit  coituna- 
nittesr  pr'^feasional  societies,  businosae*,  aniens 
and/or  ^ov^irnn&ntal  bodios  at  all  levels* 

EjcamPlea  of  Inappropriate  raJL^ia  for  ^S*  u^^ild  boj 


2.     Focrau la -based  salary  iH^rencnts  £cr  teachers; 

J.     Dlfjok  rjrant  aupport  ^^r  teacher  colleges* 

Sutch  acti-vities  are  not  nocvsaaril/  wron^  £or  the  Dopart.Ttont  of 
Cduci^i^^n;  they  are  inappropriate  £©r  ?iS^* 

Activ^ies  inappropriate  £or  any  Federal  agency  are: 

i-     Production  ^nd  -^^lit  or  sale  of  educational  cnateriaia 
t})at  are  or  readily  can  be  available  iron  private 
sources? 

1.     Setting  mandated  Federal  standar<ls  of  achievement  in 
to^al  schools;  and 

3*     Dictating  currioul j.r^  to  local  schools* 

AH  if  these  e^ampl^a  I  have  jiven  are  consistent  vith  BoarJ 
polio/and  indeed  ^ce  largely  Identical  with  the  Board- approved 
director's  LTipletaentation  State.-neot  of  August  20,  I93li 

rhey  are  also  consistent  with  the  views  of  ^he  Senate 

Appr :}pr  1  ati:}fva  Subcoininit*ee  oh  HVD-Ind^pervJent  /Vjenc le^  received 

f^Druor/  17k  'rom  Senator  <5arhi 


forstuia  grants,  iuon< 
scivools; 


to  relieve  £;.nancial  burdens  on 
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Mr  VVai>(*»kn  Thnmk  vou,  Dr  Branscumb.  Dr  Knapp. 

I)r  Knai*i*  Tlii^  i'tliit  atioiiiil  ba^*  for  producing  the  nation's 
future*  re&iMich  ^uii  ritJHts.  i*nfiiiit*tL*rs.  and  tt^thnitirnb  cunbistb  of  a 
continuum  extending  from  priniai>  and  M*condar>  ^thool^^  through 
undergraduate  colle^t^b  and  unlveri>ltie^^  to  graduate  and  prolesbion* 
al  schools  and  on  to  postdoctorate  appointments. 

A.^  >tudent-*  iti*A<"  through  lht»e  institutionb.  their  choices  are  in- 
llut'iii.i'd  by  iht'  K\Util\iy  of  the  fattilt^  and  teaching  and,  later  by 
the  oppijrtuiiktie>  (u  gain  firsthand  knu\v ledge  of  the  rebearch  proc- 
e*4*  In  a  real  m  risi\  it  i*m  he  iiigued  that  the  entire  budget  of  the 
F'uunddtiori  >(*ive.s  to  ptoiuoU'  and  »tiengthen  bcientt  and  engineer* 
ing  education. 

I  will  describe  in  »omt  detail  how  *he  Foundationb  fibcal  year 
I'bi  bud^ft  u^iufL'tot  addrebbeb  the  educational  base.  NSFs  miyor 
^e^porL^tbJIi(le^  Ik*  ji  gt.iduate  edui^atlon  and  training  in  research 
which  it  supiji^rt^i  throagh  K  li4msliip>.  btipeiidb  in  research  awards 
for  graduate  re>earch  a^.sistan(?>,  and  pobt  doctorate  awards. 

Tlie»e  rt^^punbibihtie^  reflect  the  bruad  conbenbUf?  developed  in 
this  tvuntrv  since  the  10o(Vb  un  the  rule  played  by  the  Federal  Gov- 
t  rnrtient  iu  tho  support  of  long  term  fundamental  research  and  in 
nuiaitaiiung  iUv  health  of  the  basic  rebearch  enterprise. 

The  training  uf  graduate  btudents  through  :in  apprenticeship 
j>>.stem,  working  vi*ith  uni\ersitj  fatuity  why  are  themselves  sue- 
ceb>rul  rt^^car^h*  rs.  jr.  an  alxsolutelj  critical  part  of  thib  enterprise. 
SSF  aUo  ha.H  a  role,  but  nece.ssanly  a  more  selective  one,  in  the 
aa*a  of  precollege  education 

Pret^jllege  etlui^atio^n  the  United  Slates  is  a  \a.st,  decentralized 
enterpriM.^  with  son^* TTr.r^OO  |i>cal  bthool  distrkt^.  Since  the  begin- 
ning of  this  republic,  .such  educatiiin  has  beer  and  remains  a  major 
rei>pon»ibilit>  States  and  lotalities,  reflecting  the  deeply  held 
bthef  (hat  education  bhould  btf  re&pi>nsive  tu  the  needs  and  views 
of  the  locaj  community  and  the  family. 

Then*  has  alsi>  been  a  considerabie  degree  of  Federal  interest  in 
pn*cnt[ege  education.  We  Americans  have  long  held  the  belief  that 
a  v\ell  vdutated  citi/enr>  is  the  backbone  of  a  democracy.  To  that 
concern  v^v  would  add,  todaj,  the  belief  that  a  competitive,  strong 
econuni>  and  a  secure  society  depend  on  the  quality  of  scientists, 
engineers,  and  technically  trained  personnel. 

It  *s  al^  true,  however,  that  there  ha^  been  much  less  consensus 
on  th*^  ,li>jjruprJate  Fedeial  role  in  precolleUe  education,  including 
pmoliegi*  education  m  *i.ieiice  and  inath<.'matic.s,  than  on  the  role 
of  local  conimiinitieK. 

Ab  the  members  of  thi>  committee  are  well  aware,  the  Founda- 
tion ha^  operated  a  broad  range  of  science  education  programs  for 
many  vears  NSF  concentrated  on  science  curriculum  development, 
on  tiMihet  traaiuiM,  arid  on  the  devylopment  of  scientific  manpow- 
er There  was  general  agn*ement  at  that  time  that  such  effort  was 
an  appropriate  role  fiir  the  Federal  Government  and  the  Founda* 
tion. 

The  potential  f<»r  overlap  between  the  then  Office  of  Education 
nnd  the  NSF  at  the  pret.<>IIege  level  was  ea.sil>  resolved.  The  NSF 
would  f{KU>  on  science  and  operatt,*  mainly  through  the  scientific 
community  and  thruugii  uni\erbities  and  colleges,  the  primary 
group  with  whuh  it  had  constant  interattioi^  and  which  was  the 


ERJC  -  8S 


m 


mura-  of  ihv  iiitj^f  tiirrctU  riticntific  knowk»dt(e.  It  was  NSFs  com- 
piirativt*  atlvaiitn>;*»,  i^ivt'ii  ith  rt*.s|)oiisibilUies  for  basic  research. 
The*  Oifav  of  blducutiuii.  ui  turn,  would  work  rr»ainly  through  State 
and  local  education  ^y^tems  and  focus  on  the  broad  application  of 
education. 

Thou^^h  the  dollar  magnitude  of  the  Office  of  Education  pro- 
>{ramh— not  to  mention  expenditures  by  States  and  localities— far 


agreement  that  NSFb  activities  were  well  targeted*  well-managed 
and  efToctivt*  in  mot^ing  tht^ir  objectives.  Forv^latively  small 
amounts  of  monc>i  NSF  wa^  able  to  have  a  subsmntial  impact  on 
precollege  science  education  across  the  Nation. 

In  the  h^TOb,  however,  there  wa?  a  reorientation  of  science  edu- 
cation programis.  Sgiuntific  personnel  shortages  were  seen  to  be  less 
acute.  Cmphabis  was  shifted  lo  i.tcreasing  the  science  literacy  of  all 
citizeni»  and  jncrcMbJn^  the  training  opfx>rtunities  for  groups  with 
low  participation  in  scientific  and  technical  careers. 

By  l9Ty*  at  NSF  there  vere  28  different  programs  in  science  and 
cn>;ineenng  education  witli  total  obligations  of  $80  million.  Many 
pro^^nnns  were  targeted  at  specific*  limited  problems  without  a 
clear  connection  to  a  larger  conception  of  the  nature  and  needs  of 
iicience  education. 

It  IS  clear  that  the  consensus  existing  in  the  1950  s  and  19G0*i)  on 
the  nature  of  these  needs  and  on  the  strategies  to  be  provided  had 
dissolved  by  the  end  of  the  1970s.  Most  people  agree  today  that 
there  are  problems  with  the  state  of  precollege  training  in  science 
and  mathematics.  What  they  are  less  able  to  agree  upon,  however* 
IS  the  exact  natulre  and  causes  of  these  problems  and  the  appropri- 
ate roles  of  various  levels  of  government  and  the  private  sector  in 
addressing  them.  s 
^  It  was  for  this  reason  thdt  the  National  Science  Boar<}  estab- 
hshed  a  Commission  on  Piecoilege  Education  jn  Mathematics.  Sci- 
ence and  Technology  in  April  1982.  You  have  heard  Mr.  Coleman  ^ 
and  Dr.  Bransicomb  de&crjbe  the  activities  of  the  Commission  We' 
at  NSF  anticipate  that  the  Commission's  report  will  help  provide  a 
broad  foundation  for  building  a  consensus  for  the  1980*s  and  1990's 
NSF  will  always  have  a  limited  but  critically  Important  role  in 
precollege  education  within  its  basic  charter  and  responsibility  for 
the  health  of  scjene-e.  In  fulfilling  these  re^^ponsibilities*  it  is  incum- 
bent upon  the  Koundation  Ur  ^ekct  and  design  iti:  activities  in  <;uch 
a  way  as  to  exert  high  leverage,  demon<itrate  leadership  in  the  na- 
tional interest  through  example  sett'.ng  and  prototype  testing,  in- 
volve .esearch  scientists  and  engineers  in  educational  concerns,  be 
a8  flexible  a&  possible  and  receptive  to  new  ideas,  and  promote  the 
involvi^f^ieiit  of  Suite  and  local  governments  and  the  private  sector 
in  ics  undertakings 

The  Foundation's  fiscal  year  1984  budget  request  continues  two 
Presidential  initiatives  developed  in  Hscal  year  1983  which  meet 
the  above  criteria.  These  initiatives  are  still  awaiting  congressional 
approval.  They  are  aimed  at  raising  the  stature  of  science  and 
mathematics  teachers  at  tjie  sfjcondary  level  and  at  improving  the 
knowledge  and  skills  of  teaclierfi  of  mathematics  and  science  in 
grades  6  through  12. 


outstripped  those  available  to  the 


'Y\iv  Pir.sult  iitial  .m.TKU  (tJi  Uvuhin^  oxcollt*ntv  in  bcit'nce  and 

of  ihi'iav  ^uh)Vi.i^  aiid  rtxu^jii/,i*t>  lhi*jr  achievt'incnU  and  coiitri- 
buiiun.s  in  de\elopin>;  the  Nation future  htitnlii>ts  and  engineers. 
Tht'  f\^M  >ear  V^^\  requet>t  maintains  thii>  program  at  the  fiscal 
yvM  W^^^i  li  vel,  pruMdiniJi  support  fur  100  avtards  to  teachers  select- 
tiatL^^nalK  (rom  eath  Stati*  and  other  jurisdictions* 

Support  tur  tlu'  Mxend  uf  Un\^e  initiatt\e.s,  the  prebidential  ^ec- 
oruLir^  M.li0^^s(,ien>.e  and  luatlnnialits  teaching  nnprovement  pro- 
^rjm.  i.s  iiiciiM.seil  in  fiM.al  >rai  IIJSL  This  program  supporti>  work- 
shupii  and  training  acUMla*.s  to  impruM*  the  .subject  matter  know!- 
tjf  ^cii'nce  and  niathematici>  for  leathers  m  ^rade^  (J  through 
1*J  It  i.s  estjmjted  that  by  fiscal  year  VM,  it  will  have  reached 
.toiiie  1  l.oHO  teachers 

TheM'  Ivtu  j>ru^ram.s  art'  part  uf  tin*  administration  s  efTorl,  work- 
ing thiou^li  till'  NSF  and  tlie  Di'parlment  of  loduuition,  to  increase 
tht  numbers  ot  ^ualint*d  .st*>.uiidar>  i>chool  svieiico  and  mathematics 
tt*acherii 

The  adrninj.stiatioti  and  NSF  eire  anxious  to  join  the  Congress  in 
irnpMjvin^;  the  State  y(  precolle^e  i>cience  and  mathematics  educa- 
tion, but  it  IS  e^.scntial  thiit  a  consensus  be  developed  on  the  ap- 
piuath  to  he  taken  It  ih  also  essential  that  the  approach  be  built 
on  a  .stioJi>^  loundalion  which  is  de]iberatel>  focused  arid  looks  to 
thi*  f'uturt^  THls  ^zoal  taniiol  be  accomplit>hed  overnight, 

H\niJther  critical  fjart  *jf  the  educational  ba.*je  which  provides  the 
XjtjunV  ent;lne^.■r^  and  H„ienti.st.s  i.s  the  »mall  predominantly  under- 
>;iaduale  ^.olle^i'  A  M^nifi*  ant  ;  roportjon  of  students  awarded  the 
I*h  D  m  .stitaue*  matlieniatics*  and  ent^incering  receive  their  bac- 
(.al.iiireate.s  at  these  institution^.  In  the  period  1!Hj7-1O70,  for  exam- 
pic*  iTiure  than  !)/jO0  Ph.  I),  rx^cipientb  in  chemistry?  had  thf'ir  bacca- 
lauriMte.s  from  1'*^  prt.duminantl>  undergraduate  colleges, 

111  fi.s^.ul  ,^eai  I  J^J,  2\}  percent  of  the  NKK  fjraduate  research  fel- 
tim.ship.s  wtrit'tu  >;raduate.s  of  .sucH  colle>^es.  These  colleges  serve  as 
^  ao  mijhjrttiiit  pipeline  for  i'ntr>  Info  the  sjstem  of  graduate  educa- 
tion, tind  llnallv,  into  the  scientific  and  technical  enterprise  of  the 
countr>  It  Is  injpurtant  that  faculty  in  these  institutions  receive 
support  and  erit^juraKement  for  maintaining;  their  research  capabil- 
ity. 

Tht*  fi.^tal  \i  ar  VJ^l  bud^t*t  ret^ueht  builds  on  and  refocuses  e^lrli- 
1 1  NMT  n  M  ^  r!\ats  at  ilu'  uhdei^r^duaU^  level  by  ja  oposing  a 
ne^\  prir^raLTi,  underj^radiMte  college  n.\si^arch  supjK)rt*  to  be  sup-  * 
ported  at  the  of  iXO  million.  It  will  bt*  budjieted  for  and  man- 
at^ed  in  all  of  NSFs  major  research  activities.  This  will  insure  the 
\^^^rk  i\  suppijrt.^  is  ade<|uatt'l>  ciKjrdlnated  i^ith  other  NSF-support- 
<^l  ii  M.ni.h  tiiut  facilities  at  the  Nation's  leading;  research  institu- 
tions This  Is  jjvut  of  my  larger  inanaj^emeiit  plan  for  fiscal  year 
li^^l  to  brin^  pHJuranih  such  as  these  into  thu  mainstream  of  the 
Foundation's  activities.  I  shall  be  describing  this  plan  in  more 
detail  in  later  hearin^^  before  thiii  committee,  * 

ITiis  iU'Vt  ultili  rjL^raduati'  program  vtill  emphasi/e  independent  re- 
siMrtli  bv  facultv  at  |ired<tniinantl>  undergraduate  colleges,  using 
thi^  ph>s»Ml  resources  of  nuijor  university,  industrial,  or  Govern- 
ment rx*search  centenj.  and  it  will  encourage  the  inclusion  of  ad- 
vanced undergraduate  students  at  part  of  the  research  team. 


Fiiiid^  loi  t*^srMh,<l  [  ^thctkl  (H4ui|>ini»nt  will  alM>  be  provided. 

TIh>  |jnfi:rcii)i  wth  \t*\\t  iiitpiu\»»  il]t>.(|u<iSrU  <}\  th**  r^^earch  cnvi- 
njnnu*ni  M  Mnall  MhstiTiiUi*ii^  \^hnh  xTvt*  a.s  aiiij<>r  M>tirce8  of 
tiilurt*  >c»fnUst&.  t^iiKint^^t^rb.  .itid  h'thiuviaii.s  W<'  will  hv  work  \^ 
r^*Tjrf^nUiti\t^.s  <>!"  ihe^t*  ni^titarion^r  to  iiirther  dt^vtdop  iht* 
[>rnt;rani  ^ 

Ih  hi>iorR,ilU  t>iifci  k  lu-t iMii loii^  hifr<-  pl;i>t^d  a  key  rok^  in  the  > 
L*du<.jUoM  ol  l!^l^>nU4'^  jrt  iiu^  iOtjMr>  'liiu.s  it  1:^  iniportant  that 
ihoy.  js         a'  oMuT  |jn-doriJirjantJ\  iiiEticrit  s  iij^tJtuttoii.^.  ha*  <^ 
^troim  .st-ifnuiir  .iiul  ^^tujinrt-iiim  rf»<*;;r.h  *"a|jat>ihties 

I'hf  Jksl;!]  M'^jr  li*Ni  hiitf^el  couUniir  Mipporl  of  (he  research 
iijit>r»>vt»fnt*iH  111  imnorn>  in.stituUoh^  pri:»>:ram  ebtahh.shed  in  fiscal 
u\u  1-*^^.  in  re.sponM-  u>  Kxccutive  Oru^.  T^I'^O,  to  help  predorni- 
rianti>  tiiuiont^  *olli*;^cs  and  uni\t*nsilie>,  \sith  ^nidiiate  science  or 
I'li^ijit'i-iin^  [it<H(Mrt^^  It*  u)i(>r4ni-  tiu»jr  n»sear^  h  capabilities  Thirty 
iitstUiitioiKs  *m*  4'lif4il»l«'  M>ni|>on*  in  iUa  program  Foiir  received 
a\^arctii  in  IH>J,  .irid  an  <iilditiona]  t^t^lit  **\vard.s  art*  anticipated  in 

I  h*-  ininont>  ^e^t^lr^.h  nutuitio/i  program  pmvides  support  for 
l<ill  tune  tinrjonjs  tatultv,  who  havt*  ivcejved  no  previous  Federal 
lest'arch  su[>pott.  io  e.stabli.sh  reMv^ah  proj^rims  on  their  campus- 
es* Ut  al  \t\u  WO.  Ji>  awards  totaling,'  "  iniMion  are  planned. 
TIm^  level  "!  supp<>rt  is  continued  in  the  fiscal  y«*ar  request. 

in  anoth<*r  I'fJorl  tt>  i  rnonraK*'  the  full  use  of  the  Nation's  scion- 
Utie  nut  technical  rt-^innw^s  tlie  FoamLttinn  e^taL  ll^hed  the  visit- 
mu  (>r<de>t>Mrship^  l^r  wonien  j>rot;rajn  in  VJ^'l  and  made  IT  awards 
Ja^t  yvi\r  Tlieso  viMtin^  p^l^e^M>r^,  in  additKJii  to  teaching  and  re- 
-»e;inh.  are  civaiLihtc-  X\}  oifer  adviCe  and  provide  mentorbhip  at  all 
levels  iioin  under^iadUcHe  to  faniU>  Twenty-five  awards  are 
planned  in  TiM  al  \ear  lib:S  at  an  expenditure  uf -SI  million.  This 
leve]  i.s  a)n(inued  in  the  fu'^eal  year  ll*M  request  y 

SlMjrta^e.s  ol  ^oun;^  iacult>  i:i  coUe^e^  and  universities,  partjcu-  ^ 
tarly  in  erji^meenn^  and  ^,<^in[vjter  science^,  i.s  of  uroal  concern. 
NSt'  h^Ls  ineluiit'd  in  tt.-  rt^ijut^i  a  PrcMdentia!  voun^  invei>li- 
^ator  award  pn^^rain  to  respond  to  thi&  m-ed  NSF  plans  to  make 
about  J^JO  av^ards  fiiinu*dl>  t!ach  award  will  ppHide  up  to  o  years' 
^upjwrt  at  aL  avera^^-  of  per  ye.ir  per  award.  This  amount 

will  be*  nuitchfd  h\  a  like  amount  of  nmne>  from  industry 

Tart icjpat inn  in  f*inilt>  r^^va'ih  pro|t-t  ts  a>  a  research  a^sistant^ 

the  !rad:t!tu)a!  m*f^*-»'  ^h'  -nj^b  lAhith  i^raduaH-  .students  K^un 
pracin  al  re.seardi  Mxpt»nen<.^  ThLs  apprentK-e^hip  ^yi^tem  of  ^radu- 
atf  education  is  lix*^-  main  Te**^on  that  XSK  awards  ^o  pninardy  to 
roMiMrcher^  ii\  uinversitie.s  and  eollei;e.s  In  the  fiscal  year  15)84 
U}\di'f'i  n-H^^-^t.  thrre  wdl  \iv  tin  ^  J-percent  re^i.-e  jn  the  number 
fii  ^;Ta^iuate  ^tndf-n^.s  ie<\-unm  Mioh  .supi>^jrt  under  N8I'"  ^jrants. 
biiri^^infz  the  l^>ial  ic  r^n  (\shrT).in»(l  iMjnn  More  than  million 
will  bo  nsffi  toji  tUi^  pur["^^»^  .ni  invtea^e  1*"!^  peivent  over  the 
prevou-  vt-ar. 

\:    HM:tion  Ui  n»^*vint^  a^^^L^rd^  tht-  Koun^iation's  t^r**duate  re- 
h  ientiw-tini  [ft^m-fciii  ^^'j   -ijpp'*rt  ..!f  >ui  l.I^^M^  ^niduate  lei- 
UjWs  in  Jistai  \tar  !a>  1  ,it       wu  r^M-rd  -tipend  u\  -^^.hU^  per  year, 
plu^a  Hisi  L^i-odueation  kkj-  Ineluded  in  this  Mt.il  ar<»  Ir"-  new 

and  l'r>  >  ontinunnj^  niitntjjj^  i^raduafe  fi*lio^^^^,i^^  Th<-M*  1  radition- 
al,  pr*-^ni{UJU>  award^  f>n.vid**  -1  \ears  ol  -ii[M^'it  durni^j  a  a^vear 


|K  [  lod  .uul  4i{l^\\  tilt  ^niilt        *itl**n*l  (hv    it<Jo,itt  |)ro^^^am  of  hi^ 

rj<*ruv  tniditioUiillv  lut^  .^('r\('d  lo  top  {orrrial  t'diKcihon  atu]  Im- 
m<'r>»<^  lh<^  rii'v,  Ph  I)  in  tulltimt*  r<\^t^iirch  Thi.s  proces^s  provider 
u^u)ji[AU  Xi*  >ijuriu  invL-^tJtcatut^  in  invaludbk^  rest'drcli  skilU  while 
i^litTiiJt;     MJiPij       i^Liiiiffu'tJ  M'-'iMi^'h  ^L>M»i'i*<U*^  for  senior  jicieti' 

J^itoNhnlMriil  Mppoi  I \^ir\  vuh>tfnilud)>  frmK  Held  to  iu^ld, 
dt^pf^aihiL;.'  >»tL  t!it'  vt^tt'  m(  rtu'  Midu^trj^it  and  ^d<*niir  jol>  m^irket. 
In  th*'  KinindidiMn'v  iVc.d  >i'*if  n»*t  hiiii>i*'t  rt-qur^t,  it  i.s  t^stjniated 
that  ;^SF  .mard--        ptovidt'  Mippoit  for  pi^stdi/utorid  .stten- 

ti^tv  at  a  lotai  rost  n(  ^^r?  1 1>  inithon 

Tlus  <v  jrn  rviii-v  u(  ""T  pt*t\t^nt  m  tUv  numher  supportt^tT^nd  an 
nartMsr  nj  l"*  p^-rH^nt  iu  th*-  [OMUMt^^^  dt*\uti'd  to  llus  inip^rtiiht 
^rurnt^nt  oJ  th*-  rdLJc^<tji''r<u]  ^Kim^  Iip|-  m'k*ik<*  <miJ  4*i^^iin<'t*rin^i.  I^fjr- 
tkuiai  rmphav^^  jjv  plat.<*d  tin-  vxpaiKSKHi  oi  suppt^rt  for  piistdoL- 
ttir^il  pavilions  ip.  j)laiit  biuluK>  t*nd  malht-myt This  t*mj)haijJ^  is 

kei'pini^  'Aitli  tlv  FiiUiuL^tKm^  thrust  rn  thest*  t\^o  art^Ub  ill  fiscal 
vt^ai  !:*hl 

Jn  H-ri'  hiviijfi  J  h<  li(  vt-  it  js  important  that  we  kt^ep  m  niiiid  the 
^uta^  ^^sfi  Di  oi  <  fJukc4ii<>ii  and  trajniii^'  in  this  eountr>  for  produc- 
ing fiUUM  n*vc,irih  Mi<*ntJsLs,  env.inrtTs,  and  t<*chniLian^»  and  for 
pnKjtinnu  a  t4V'luj''io^<r;itl>  Irti^rah*  pirhli^- 

Thjv  ^y^tt  iu  ^  ■jiJ-i'-N  i*i  .\  rontmuufii  cxtt-ndnn:  IrojiT  primurv  Cind 
s*'i(MML»r^  --hi  uli  tin  juk^^  ^^radiial**  vi.|jou]  ^nul  tin'  po^tdoctorate  J 
btd<*"\i*  tliat  uur  fi-^ul  \r;iT  ll>>^  I  n^^itJOvt  ;<ci<Jn'Nst'^  tht*  needs^  of 
<'ai.h  part  thj-  wuntino^mi,  t\jih  a  --pt^t  lal,  ;md  ^tppropriate,  foi^'trs 
on  ^^raducUo  (^dinatron 

liij^^mir  ^^n^r  n*'tirlv  all  of  thf^  Foimdatjon'^  bu<lt;e"t  is  (levoted  to 
-^i  ivUii*  .H]ti  <ii^jiu*t'n:m  fdiR'al^pn  1  l,op<'  that  [  ha\(*  btM^u  ahio  to 
;.^'n\v>  Ihi^  riiv  r;n,;rk.  Thi  ri.vitah>:aii<rii  »»!  our  LiniVtirsitie:!  as 
v\i  jtam  (jKk*"-  al  vvhub  tn  condrut  r*^v<-ari'b  and  to  train  new  ^(en- 
<^iatH)>i.-.  *'i  -ucNtJvjv  ,ttid  pii^^int-i^rv  *s  im['ortant  eh^ineng**  for 
thi--  N'ltJon 

Th.jak  ^Lio.  Mr  1  hairnian  I  woulfl  \v.*  pl*'iL-r'd  ti*  ft^sfKind  to  any 
Hne-.tiorJ'-  vou  may  ha^t- 

f>n'pan'(i  v^it^^nHMit  ol  Dr  Knapp  loilo\;.s  i 

VI  t  t,  n.  |t|i|  ■. ifi')i:t'P  '  'i'  th'  h f ■finuitT*"*'  J  ^l!*■.i-^Mt. t^*  ht'  hvii  Uir  ytt\\r 
It*'  it*  ^-^t\t;^''  ti  i  It  AJ'm  iij-:f.iHifr  -  ^i'-i-jl  ti'  tr       t  hua*i'*<  r^^ju^M  Utt  Iht' 

I  i*^l,jv  -1  hmrfrik"^  I  s  w  Ji'i  it  in  t'/}^^ii)i"i^r^n^;  oiiuL'iOori  iniioinfi,  a  >tilv 
r  Jij       IE  ^  If  rrKt  loU  r"  !  ,ir)L|   tin.  *      in  Mu'  N-itr*(k  tho  <  Vjii^jit^s'^.  ^»id  flu*  -id- 

*i  mjHi  t  rtt  a  K^a  Fra*  A.O  It*  a^'^^  lup  a  '  b\tr  i  i»(i*-t'(iMi>  on  t  lu*  (laturv  of  tht* 

\i  tlu'  inT  [  v^iHiUl  Ilk*'  to  turn  1 1-  ^  )r  U  vns  M  Bnui^  t*inh,  Cii^nrni-K*  th<* 
N-L^ H'd.il  M'JH  t  Du.ir  ^  J^jr  rijf  i  imiiiM-n^^  Ih^^  ruk'  L^ii-  lltmrd  [rUiU'^i  jn  M*t- 
Tinr  *t  tl^  t..jaj:*'i  -Tr.if'-t^i'  "^'^r  t"iv  il  >'Mr  l''*^t       vvP'il  r'v  *tv  rol**  I  d**V<*]opltlK 

ihK  *  If  14  1  'Miiidaio^  ^  r'lh  if  I  ^  litii*'  And  rii^^JuftTini*  rd^tt-ation 

hi'i  *  hnii  i<in^  '  ^  tJ-^i^t  ^  '>f  t  <      ^(^^jLjiri  p  vlt-tid^tij^  rr'*(ti  pntiKirv  and  M'l'tpnd 

-in  ^  ii'^  I-  'Kr'nut  Lirjdt  rkiJHU^j.ii*  <  s.l^-^:*-^  and  vm*w*  rMrjt'<  t*'     (duiii*^  .ind  f>r<*f(V 
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th(w  ijjHtJhjhi^h'*  ilci'v  fMLikr  I  lum  i'^  v^hn  h  jirr  tu\Uu*na*i\  \iTy  [nuch  by  iht^  <|u^ljty 
of  tlu'  u\i\  niul  M'.jt  Jiir^^:  U  llii'v  r|ii4writr[  ^|[id.  UHvf  ^ia^t^r*.  by  tbo-  oppof- 
luiutit's  ihrv  ha^i"  ti»  jicim  urni  hiinil  Jtni»wU"<ljjr  uf  thf  M^M-'^irch  iir^JCi'v*  In  n  rojil 
Hi'ii:^^  Jl  can  Ih>  iij^ut^d  thnt  tlio  ^^ntin*  hmJj^H  of  Ihr*  KoundjilKXi  lo  promote 

I  wjtJ  dfscrttx?" m  bome'dt'tail  how  iho  PoandiiUu[i\  fiscid  year  IlJJ^J  Iludi^H  Re- 
cjMo^t  ad<irfMi^'*%  thiis  t'dacaltonal  ba&e  NSF's  uii^or  rt^porxsibjlitJt's  lie  in  ^rjdUciU' 
fMluo;itH>[t  a[td  trairuiiK  m  it^M-^arch  uhich  it  ^upport^^  throiij^h  fellowships,  ^tipc^nds 
in  rc^.tNirch  a^^ardh  ittv  K'rswJtiiitt"  n-'^fHroh  .i^**jhtant^.  and  posi-doctorato  uward^  This 
rit'n<H.'t^  the  l>rciad  uo[i^rn^UE>  wtikh  Ua^^  dt'Velo}K*<]  in  Ull^  nmnlry  ^inoe  the  I^O's  on 
thf  rt^Lc  which  Uu'  hVdiTuI  j^vcrnrnt^nt  plav^  in  ihv  support  of  lon^  tcrni,  fundamen- 
ts rcM-'i^rdi  oud  in  mdintamiiiK  tlu"  lu'iiJch  ol  iW  baMC  r<*b<*arch  t^ntorprise  The 
traininjr  ol  ^rjiduale  ^UideiiU  throu>^  an  apprt-ritic^'^hip  hysU^in  of  working  wiili 
university  tficiklty  who  are-  thomselvt^  sMiccshful  rm'^ir^iherh  uii  absolutely  cnli- 
cal  pari  of  lh>E>  cnt^*rprts*^L  NSK  itl&<j  h;^^  role,  but  ntfCi^iWhiinlv  u  tnorv  selective  one. 
m  tfu"  art^iiof  pre<:ohei?o  e^iucation 

I'rt-^olletie  education  in  the  United  Stores  in  m  vast,  decenirali/ed  enterprise  with 
siiine  llJ.rHHi  U)C<t\  ^cho*>J  dMnel^  SiiHo  the  b*%'Jnnjnji;  of  our  Republic,  it  ha$  been 
and  ri^rnani^  a  ninjor  ^^|>^>^^lblli^y  of  ht^lt^■^  .tnd  Icicahlk^s  reflmiiig  ihe  deeply  held 
behef  Hull  e<iuaitnM»  **hoii(d  be  r^►^.J^o|l^ll^**  tu  tb*^  limit*  and  vjews  of  ihe  local  com- 
munitv  i\n6  the  ffttiiily 

Ther*"  has  ai^g  beeu  a  considerable  degrn*  of  Federal  iiil<'r(,'^t  \i\  i^re^olk-'Ke  eduea- 
liun  MiKv  cmr  lir^l  day$  iis  a  Republic  b^ati5»<*  of  the  b<;(ief  lhai  a  well-educaied  citi- 
/enr\  k  the  baiklxme  of  a  democracy  To  that  coocer[i  wc'  would  add,  loday^  the 
M\tA  itKii  a  eoinpetui^e,  ^troni;  <*conom)  and  secure  society  depend  on  the  quality 
of  Mienlist**.  engineers,  and  (echiucolly  trained  pt^r>onnel  ft  is  also  true,  however, 
that  there  has  been  inuih  less  consensu:*  on  ihe  appropriate  Federal  role  in  pre-col- 
leue  Huuitcon.  ;nclttdin>c  pre<oLLe»?e  education  in  science  and  mathematics,  than  on 
(he  rol<'  i}f  IfV^'ii  itftnnmtuiH'^ 

As  Ihe  tnembor*?  of  thn  Cimnnitt***-  are  i*ell  aware,  the  Foundation  hits  operated  a 
l>rond  raiSKe  of  whence  e<lucaiiori  priijcranih  for  many  years  We  conce^nirated  on  rici- 
eiKV  riirnttilum  devHopmenl,  on  teacher  trarnir^fj,  .iitd  on  the  devdopineni  of  jwien- 
tific  rnan|M>wer  There  wa*!  i;eneral  afjreernent  at  lliat  time  that  this  was  an  appro- 
priate role  for  the  Federal  K'overiinienl  and  the  Foundation  to  play 

The  potential  for  overlap  between  the  then  Office  of  Education  and  tlie  NSF  at 
the  pr**-co|lef5e  lc\el,  was  resolved  by  "jiplittinK  the  field*'  NSF  would  focu$  on  sci- 
ence and  op^Tate  mamly  through  the  ^ctenUfxc  community  and  through  universities 
and  colle^jes,  the  primary  group  with  v^hich  it  had  constant  interaction  and  who  was 
the  sourcv  of  the  most  curri-nt  ^cieniifK  knowledwe  This  was.  af^er  all,  its  compara- 
tive ikivan(a^jt\  given  its  rt«>(>onsi  bib  ties  for  ba^jic  research  The  Office  of  Kducation, 
in  turn,  ^ciuUl  work  inanity  tlmmgh  ^t«l'e  and  local  education  s^ystems  and  focus  on 
Ihe  hma'*  ipplication  of  cdticiition  *  -   

Th«>r^jb  the  dollar  ma^jnitwie  of  tb**  Ofliu  of  Kducahon  progJ-arne— not  to  men- 
tion e^iK^nditurt^j*  b>  slatt^*.  and  localities— far  outstripped  those  available  to  the 
N'SF.  then-  wiii*  wid<^spread  agr*-^  aieiit  that  NSF*s  activities  were,  overall,  well-tar- 
geted. weM-mana^'ed  and  effective  in  meetin^j  their  objectiV(?s  For  relatively  small 
amounts  of  money.  i*e  were  able  lo  have  a  subManiial  impact  on  pre^ollexe  science 
i^focation  across  the  Nation 

In  itu"  riTti^.  howt'^er.  thi^re  was  a  rearientation  of  Mience  edacsition  pro^jrains, 
Siic\^tinc  (^^rHiainel  ^vKc>rM^»^^  wen-  s<*<^n  to  Ik*  les,**  acute  anci  emphasis  **hifted  to 
(ncr*%i>[ii(;  the  science  literacy  of  jU  citw^n,**  and  iiicrt^fisinf?  traiinii^j  opportuniirc*; 
for  groups  with  Low  p;^rtici|>{ition  in  scientific  and  technical  career  By  IfHil,  there 
were  liH  different  profirams  m  science  and  en^jmeenntf  education  with  total  obliga- 
tlon^  of  ^M>n  million  Many  were  targeted  at  specific,  limited  problems  without  an^ 
very  clear  cDnnectiou  to  i»  larger  conception  of  the  overall  natun.  and  needs  of  sci* 
enee  i^lucalion 

Jt  i*.  clear  tfwt  the  con*^^nsus  svhich  eXkMed  in  llie  IlKVJ's  and  19fJ0*s  on  (be  nature 
of  these  needs  and  on  the  jitratc'gie^  to  U"  provided  had  dissolved  by  the  end  of  the 
ISITtr^  Most  people  a>free  thai  there  are  problems  with  the  state  of  pre^o'lege  train- 
ing la  science  and  mathematics  today  What  they  are  less  able  to  a^yree  upon,  how- 
ev('r,  IS  the  exact  nntur^'  atid  oius^'s  of  these  problein^t  and  the  appropriate  roles  of 
vnnoiis  ti-'Vels  of  t'<>^<  rnmeai  and  tlft^  private  sector,  in  addressing  them 

It  wns  for  thtH  reasfin  ihia  the     ilional  Science  Hoard  et;tablislied  a  CJommiiwjon 
on  Pre<.*olle«e  Education  in  Mathematics.  Science  aad  Techiiolot'y  in  April, 
Vou  have  heard  Mr  Coleman  and  Dr  liransoomb  dt^cnbt"  the  aclrvitres  of  the  Com- 
mission, which  uTQ  on  schedule,  and  we  at  NSF  anticipate  that  the  Commission's 
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NSF  Witt  dtv»  ha^t'  'i  liii^ttil,  hut  ■  nl\i.  »illv  iiiLfM^rt^LiLt  roU\  ni  pr^H^ottogt'  ^><luca- 
iwn  wuhjn  iU>  bti^is  i^h^irUT  Jiid  us^mN  to^puiimLlIjIv  for  UvMiU  uf  scu^no'  In 
tulfUljn^  lUi^i^  n.^punMbjLitie^,  it     i[Kumbi-nt  ufH>n  ttit^  Fuuiidttljun  lo  sekrt  iind 

tn  thr  V^himjl  int^TeM  thrt^u^h  ux^impio  bettLn^.  (itid  prototype  tostm^^  involve'  n^- 
h  MJt  nti^t^  Mtd  r^h'^jrii'tTh      odiKation^iI  i.onc(.'rn^»  tn*      Hoxiblc  sis  posi^ibU' 
.ind  r<M'ptiV(^  U'  lEL'^a  idiM^.  .ind  to  pronii>t(  thi-  j^VoL^t^fm^nl  of  ^UU^  ;ind  IcJC^i  ^o^^ 
rrn[rK'nt^.  ^^nd  tiit'  prjv^ur  Mrtor.  ni  lt^  ^[tdt'riakin^^ 

Thr  Kr>u tidbit loti  -t  VM\  Hud^i't  l^'ijut'^t  is^^nunurs  two  PrcMidifiit^d 

tiiitrvt's  drVrloiX'd  fi^id  vHir  ^vhitli  mm  thr  abuvt^  iTitt^rtii  Tht^j^e  nnUa- 
tivos  .m'  ^IjU  iJwjUjn*:  CniA  K\>n^rK^\on4i\  **ppnA.il  TJu*>  Mrr  *ijmi*d  at  riiiMn^;  the* 
Motun*  of  scjunce  iitid  m;!!^*!!!^!]^^  tt!a4;lH'r^  Uit*  istcondiirv  lovd  ond  improviti^^ 
tlu'  knowk'di,i'  and  skdlts  for  toach<jri>  of  irvallu^mdljCb  ditd  biJ4?nt'e  in  grade^j  T, 
thrnuK'fi  llJ  Tin'  Trt^Ajdintial  A^aiirds  for  Tt'^ihint;  Exv;t*IU'n(;4?  Jn  Scienct'  imd  Mnth* 
I'nMtKh  pr^^tjram  idt'nitfu-^  lUitM.indim'  ^t^viidar>  M;houl  u*at;her&  of  iUk^c  subjt*cli> 
fUid  m'vgni/i*is  tht'ir  jjuv^^^tm'nt.s  ^aut  ixmtrjbntjttns  in  devi^lopinK'  Iho  Nation's 
futurt*  HNrniJsti^  fUid  oji^imitrh  TUv  fi^ai  vtMr  II>H|  ftinju^^t  maintrtms  llns  \>tq- 
K^'irn  .tt  tin-  Cit^A  vt-ar  IIJWIS  V'vd.  prt^vidin^  supjw^rt  Utr  lOO  Awardj^  tv  t<N«chc*rs 
isek^^tt'd  nationi^lly  Irum        stall*  ^md  otlu*r  junsdiclions 

■support  fur  Xhi'  ^cond  ^>f  tlK^^t*  mUMtjvt*s,  ihv  Prt»ii)di'ntjal  Seiondtiry  School  Set- 
rnir  >ni(t  M.ithomntJi^  Tc*(chji^'  lmpryV4.nR*nt  pn^nrani.  ts  jiKrt'Oiit^d  lu  fniijal  year 
V*^\  Tills  pn*>;ram  '*uppurt^  vti>rkishoi>>  *ind  training  UClivjlK^ii  ty  jmprovtn  tht*  sub* 
(t  kr  jiMttrr  ka-H^^ltd^r  MH'jj*  r  and  m^itht^Hialits  for  tiMther^  jn  ^r^d^ny  li  through 
\:  It     t-st*mat<'d  ihat  bv  fWj  vtar  19*^1  tt  villi  haVe  rt*acb(*d  Mime  USM  teach- 

Tlu'^^  t\au  priJK[*inj^  jrc  part  of  the  AdrnmistraUonV  ovt*rali  efforts  working; 
thrr>Uf;h  tlw-  NSr  .ir^d  tbi-  |}i'partim'J*t  of  lidui,ilmn.  ty  mcrt'*tst'  iht'  numb<rrii  of 
<|uaUnvd  M»amdar\  ^hi^jl  Mtemr  and  inatlu*muticb  leat'hors 

TlU'  \dmlnt^tr.lT^^>n  and  NSF  arr  a^lXli>u^  t*^  jojn  the  Con*;ri'i>ft  n\  improvjoj;  thi' 
^tjti  <»l  pr"ioI]('Kr  s\  u  arid  jnath^^inattis  ^'du^aUon  hul  it  J^  I'l^eittMl  ilutt  a  con* 
■tt^n^Li^  tx  d<'^t  lopi^l  on  tht'  ap|miiuh'to  W  taki^n  It  is  a|M>  I'^si'ittml  that  the  ap* 
pru  k  }i  ht  huilt  un  a  -^troM^  foonda^jon  vihiih  dcljberaU'ly  focused  und  looks 
iH^Vk^iid  \\it*  prt'M'nl  to  the  fuluri'  ThtM.an  not  bi'  aa>ojnpljhhod  ovenught 

Hu  -KiiialL  predujmnatl>  undurKradOitti'  lulh'^t'  j>  anoUier  critical  pari  of  th<'  vdu^ 
•.atmtial  Uim'  \aiiuh  pr^i^idi'**  th*.*  Nations's  future  <*nirini'i»rt>  and  scwnHsU  A  Mt^nifi- 
^aiit  priijH^rtii-n  -jI  ih^thv  a;aanlt>d  Ihv  Vh  I>  in  aiivnct',  inatheinaliC5>  atui  on^jirn'onn^: 
rtvi  ivr  thrir  banalaurrati*  at  ihw^  in^.itut^o^^  For  llu*  j>t'riod  botwvyn  lUb7-i!»7h, 
inr  t  x.ijiipU  .  uit>ri'  lliMi  ^K'nn  l*h  I)  r^*^.JJnult*^  jn  iht^nii^trv  had  thm  bafoaliiuryott'S 
fr-ru  I't^  pri'dojnuuintU  ondrrKraduatt^  tolU'>;es  In  ftital  yyar  11)^2.  2fl  pc'rccni  ol 
iht  NSr  *;radaah  H<'M'ari.h  Krllu^vsihil^s  vn^nt  to  ^'raJuati\^  of  such  trolk-jjos  Sinct' 
Uu'M  vulli'^:*'^  M  ru  a^i  ^mh  a^  imjM*rtant  pipt^hnt*  for  <*t\Xry  inio  thv  system  of  Jirod- 
uaU'  ^^Watiaii,  auJ  firj^dH^  uiU>  Hk  ijVt  rail  b^ivntifn;  and  U^v.hntcal  mtt^rpnw.*  of  the 
country.  \t  i>  tmiM^riant  th*il  fatuity  m  tht^t-  liislitutionh  rcc^Mve  support  aiu  en^ 
omriijirnit'tit  for  nMintamjnj;  their  r<*M'arch  capMuhiy 

Tht'  iWal  uMr  ItJM  Bud^^t'l  Rt^ut-^t  builds  \m  ^ind  r^'hK^l^t•^  tvirhiT  NSK  r(*- 
■^tuti  }i  i  f^nrt.-^  at  thf  tindi  r*;raduatt' IfVi  I  hy  pra|>()tMnn  a  iit'^v  j^ro*;ram*  tlndt*r^rad- 
lial^  Itf^t  ari  U  Supi>^Tt,  to  bt  ^sup|hjrtetl  al  tht'  levtd  of     U  nulhun  It  vvill  bv^ 

niLina^t  d  and  lHidKett>4l  in  i^f  r  niajor  l'e^t^lrcn  (irtivitH>>i  to  insiirt'  that  thi' 
\aijTk  it  -supports  adt>jUiitily  co^jrdinided  iMth  utht*r  NSK-suppyrtvd  r*rM?4irch  and 
facilitit^  at  she  Nation,^  l^^iidmtj  rt^st^irih  institutions  This  is  part  of  my  larjjor 
mana^t^merit  plan  for  fiscjil  yt*ar  liHj  to  hnn^  proj^'ranis  such  as  tht*M*  into  the 
nuiAstrtani  af  tht  Foundation's  adivui^^s  I  shall  bi*  di^iicribinjj  th^  plan  ii)  more 
fh'tail  iri:kitiT  liJNinn>;>  IndVir**  (his  (\mimittiv 

Thi^  iiiVt  pri^^rani  ^ill  t^niphasi/t'  iiidt^pHid^'nt  r^'^iMrcli  by  faculty  at  predomi- 
nantly JUadiTKraduati'  lullw-s,  u»in^  the  physual  rt'Sourct*s  of  ini^or  univerijity,  in- 
dustruft  or  iiiAt^riiment  ri'biar^h  i.i'itu*r>.  aiid  v^il[  vn^uurajiv^  ;he  incliiskon  of  od- 
vamt'  tmdcr^^raduat*'  .itudeiils  a^  (mr;  of  tbt*  rt*se^irch  tivim.  Funds  for  osi)t*ntial  per- 
inaiii  nt  tH^aipint'iil  ^^ill  also  U  pro^idrd  This  pr<;^ratti  viiH  help  improve  iha  ijual^ 
ity  i)f  t!i4  reMvtnh  t  livjroiinit  nt  at  ^piall  iiistit^itions  which  M^rve  as  major  hourci's 
of  future  srtentis(s.  en>;inerr>  and  tfi  hnicians 

Thf'  historu^tlly  ItKuk  nistitutiuiis  fiave  pbiyf'd  a  key  rtde  in  the  t>duuition  of  mh 
norilit*s  in  ibis  country  Thus  i(  is  nnfy<^rtant  that  they,  as  ^vell  a>  ylber  predomi- 
nanlly  niin^>nly  lh^tllutlons,  have  slnon*;  svientifii  and  en^moerinn  research  capa^ 
bihties 


prti^rtiiMtil  III  Mii^tifi'v  )kLkJ iiMUoti-  i^M^^r^ni  tM^ihlL^nfu'd  Hi  U^itil  yt'Ht         in  jK^r- 

^iMrrh  ^*ip.ibiiiijfs  Thjn>  ihMitutiuns  jrt"  *'JiKiblt'  «u  tixu^H^tc  in  lhi>  j>mrnn  Kour 
rm'ivtni  <k^jr4J>  jn  I'l^iaJ  UjHJ  atid  ciik  ^d^htiOiMJ  I'l^lU  :tw:kr(lt>  an^  (kntJcn[>aU>^ 
kii  fwMl  viskr  ll^^'E 

!  hi^  Mm^^riU  Itt'MM^^  h  Initi.kiuiri  IVotir.irxi  pn  ude^  ^up[H>rt  for  futt  time  minority 
Luu|t\  *lku  hjM"  mt'iM^  un  pn-'MOtt^  tVdrfal  n^MM^^^h  >upp<)n  to  tiitabllsh  rt»- 
M'<kr*,h  pru^nktn^  oti  i  tit-ir  t^ifiipiksfv  fti  ijM.kl  Wiki  IIJKI.  ijn  ^iWfifds  loliklltii^  ^2  0  mkl^ 
Itoti  ATf  pidiknt^  Thk>        *A  ^\jL\>\H>ri  k>  t^^iitLhiu^l  III  ihi'  Oscal  HiSI  r^'(tm'>t 

In  dtiothrr  4-Hott  l<>  4-n<4furiit;4'  Ihi-  (uJJ  um'  of  t}u\N\kt^4>n\  bLkctitiHc  Jhd  U'chfiicnl 
r<x>tirC4-s,  thr  Kuuiid^dL^^fL  rsLttiLk^Jiwl  Vi^khn^- Troft'tt'i^^rshkp!)  fiir  \Votni'ik  pro 
nr^tni  ih  fist'ill  >t^^r  J!f*^J  v,ith  17  *kW(ird<v>  >i^ir  Thi'M-  vtskumi  professors,  in 
udililkon  to  ttiiulikikj;  jnd  ri*w.Mri.h  jrt^  <^vikiltibK*_t<^  offtr  adMCf'  find  providt^  mentor" 
<^lrkp^{  atl  Ic^flh  fr(«(i  andi-'Oiradutitc  to  fjtult^'Tucnt^TiSre  awards  iir<npbkkned m 
(iM^ai  vfikr  lt>Ki  (it  an  cx^H^ndkiurc  of  ^1  o  niklhon  This  k-wl  i^  oihttnu^^d  kr  th** 
fi^^pk^  v<Mr  n-ipjrsl 

Slk^^rtaK^''^  til  vounK  huiiJt\  in  our  ^'^Ikt^j^cs  ..ihd  ttkikM'k^ktJcj.  purtjcubrly  io  0Jk(Kn- 
onn^  mid  o^mpulor  Ktoiu^'^^  Js  Krk^kt  coJin^tn  Wo  hfJVt^  iJichidrd  jn'oui^n^cal 
\*\jr  rtH^uejrt  *i  l*r^''>idchl m1  Youn^  likVi-stin***^  /\\^af*i!pro«r;km  tp  ri'HiJOtid  Jio 
thi>  ;;n>UknK  need  Our  plan  ks  to  miikr  aboat  2<K>  a\Mirds  aj)iiu«lb"'  t'-nfh  ^ill  uro  - 
Stidc  ap  to  o  \v-dT^  >up[>ori  At  an  (ivtT;i(j<^  of  5lUJ,<>00  per- year  per  award  nhls* 
riiaokkni        U-  nkiitt'h-d  by  (k  tike  atnoinU  fron^  kndustry       ^'     '        ,      ^ .  ^ 

Pari kci pal k'lii  in  (a4aMy.jreM'ar<.h  proj^'<.l>  as  a  r<tsoan.h  as^j^t^iat  ks  th^  traditional 
m^itknf'r  Ihroo^'h  uhkth  ^radaalr  students  ^.iin  (kr^ctuaJ  ri*&ehrch  o\pci<kOnce  Tnis 
(kpprt^ntiti-shkp  >\su*m  of  j^radoati'  education  is  the  mam  rt-ason  NSF  if^artis  go  pri- 
rtkarkJ)  to  r^'M^art  Jht^  at  tfiiiy'r.^JituiJ  and  tollefies  In  the  Os<:al  yeor  TMI  Budget  R<t^ 
ijuest,  tfn*r4"  vtrh  U-  an  ^Jl  (H^rtvnt  Hki^reast"  jn  the  iiumher  of  jiraduale  studt^nts^ft.^ 
ccivknt;  huch  >up(Mtri  ki.K^fr  NSK  Hr^uil.^.  brin^jinK  the  total  to  an  estimated  ITJfUJO 
itvK^T  ^*JZ  imliton  hfiUiA'd  for  thi>  purpoM*.  <iu  *ncrt'i»,s<^  of  1*^  2  percent  ovi-r  ihe* 
prtwuai>  year  ' 

hk  a^idktion  to  ti^Vtip'h  u\Mar<i>,  the  FoOkalat ion's  (>raduate  ReM.'arch  Fellowuhip 
Pro>:ani' wiJJ  support  a^iDi t^Vktii ate Ly  \.'.VM^  graduate  fellows  kn  fiscal  year  V3>^\  at 
incn^iihed  >tJpt*rid  of  ^s.Sn^per  >e^''^  pla>^k  Lo>t -of  education  allowance  of  54.y0(r  In- 
cluded in  tlki^  total  ar<'  !-'>  nev^  and  t^U  rontinuin^'  Minority  Gradtiatx;  Fellowships 
rh<^^v  tntditionaJs  la-eslij^iou^-  a^ard>  pro\  /de  three  years  of  sup^^rt  ovi^r  a  five  year 
[>t*riod  and  allovt  the  stu<lent  in  attend  the  ^jniduate  proj;ram  of  hrs  or  her  chok^* 

In  thi*  (ttknsilion  Imn  :^kidHit  to  scientist,  the  postHdoctorid  t-xperience  tradition- 
alh  servt^i  Io  top  off  formal  t^luealion  and  lnknK''r^e  the  new  Ph  D  lU  full-time 
rt>s4^arch  Tht>  pn>^'<'s>  j>ro\jdes  iramiMK  to  youii^  ln^l':^tl>;ator^  in  valuable  re^arch 
skills  while  offennK  a  ^ouru*  of  tjiudifled  and  affordable  ct'search  as^vCiates  for 
M*ntor  scieiiH>ts  <^ 

Pifrtdc>ctoral,<ipj)orturkities  Mny  suhstuniially  fnnn  field  to  field,  dept^nding  ver^ 
much  on  the  >tate  of  the  industrial  and  academic  job  nwrket  la  the  Potindation  s 
fi>cul  year  iHM  lludK*''  IU"<|Uei?t.  it  ^i-stimated  thal^SF  av^ards'will  provide  sup- 
(Kvrt  lor  :?,lf<l»  post^doctoral  sckonti^lri  at  j  total  cosjl  uT  ^'y^V  milliotf  Tin^>  is  an  in- 
on-(kse  of  ^  percent  in  the  nundn-r  sups><irted  uiid  an  Nktreaw-  of  I^*  perceat  ih  the 
ri'Sfrttrte^  thi>  ink[M?rtiknt  se;;ment  (jf  the  edutah^ma)  has*'  for  sciehf*"  and 

eiki^kiiet'rkii}^  Partieular  eniplka>i>  is  placi-d  on  Ihf'  e'':>ansion  of  support  for  |>osf-doc- 
toraJ  p<^sition>  in  plant  hioloj^y  and  math^-niatlcs  in  ki>epkng  with  the  Foundation's 
overran  ^ntpha.'tts  on  thew?  two  areas  m  fiscal  ymf  VJXt 

In  concluttion.  I  believe*  it  i^.  important  thai  wt  keep  in  mind  the  total  systehi  of 
(■dutatioji  and  {r;uoinK  m  this  coanlry  for  produ-.inj;  out  future  rcse^trch  scirntists. 
eik^ikixeer^,  jihd  i*Thnkiian>  _  -V 

Thf>  ^y^reni  i-on>i^t^  of  a  eunufiaum  e;clendih>;  from  primary  and  secondary 
sohool>  tikrou;;lk  Kradujte  mIumjI  and  the  ix^st  dotiorate  I  helM^vc  that  our  fiscal  year 
luM  re^|uest  addre^M'>  tht*  ntt-d^  of  each  part  of  hi?)  continuum,  Wktb  a  special,  and 
approprkate.  locus  on  jjradunte  e^uciktion 

"  In  ^Jikie  sens!"  nearly  all  oftlu^  h^JunJa^Tn  s  budget  demoted  to  science  and  eni!»^ 
ne«-rai^  eduejUi^Vk  I  ha|>e  that  I  h^ive  b<H'ik  able  to  con\e>  tikis  kn  refaark^^  The 
revitau/.otron  of  our  uin^er^iuex  a^  ejcekt^n^  places  at  which  to  coikduct  rei^earch  and 
to  traiji  new  ^eiu-ratkoo^  id  ientiM>  and  eikj,Niieers  i>  an  imiwrtant  challenge  foi^ 
this  Natioii  ^ 

Thank  you,  Mr  <  hairnun  I  \^(^uk/  be  pieas*^  io  resjnmd  to  aay  (questions  you 
may  have  * 

i  I 

SSST  COPY  a^^J  '  ■ 


Mr  Waluukn  TlLiiik  >ou.  Dr.  Knapp,  WV  i(ppivciati*  ihiU  pres- 

L'EltntlOTl 

L(f{  iW  abk  al  tin*  ouIm  I  if  >t>u  \^ould  cij^*,us.s  wuK  tliL*  rcser- 
\atLuns  expie.ssrd  b>  Si-iiatur  (iuMi  to  NSF  in  his  letlt^r  le^jurding 
pivculIcK^*  acti\Lties  in  fi.s*,'al  >ear  V^y-^  in  which  the  Senale,  asj  I 
understand,  look  thi*  pusitiuii  thai  the  p^'u^ram  submitted  bj  NSF 
was  not  acceptabkv 

How  are  you  ^^o^n^^  to  nspond  Ui  ihat'^ 

Dr.  Knapp.  We  \^tIK  (>f' coui>e,  work  \Mth  Senator  Garn  and  his 
btafT  to  understand  his  vuncvrii  with  NSKs  pruj^ram.  We  will  trj  to 
de\  elup  a  niudilii.^!  {jioy^txxm,  ui  pei  haps  a  better  exphmatiuii  of  the 
program,  so  that  he  *,aii  be  satisfit-d  with  tne  pro^^rani  and  ils  aims. 

A  little  bit  of  misunderslandint^  is  invoKed.  However,  I  am  not 
alarmed,  nor  even  particularly  surpritsed,  thai  Senator  Garn  is  not 
ill  Full  af;reemetit.  Within  the  conimunjl>  and  \\ithin  the  Congress 
there  i&  eertainh  less  than  complete  unaniniit>  on  the  cotrect  ap- 
proach to  the  precolle^je  education  crKsjjs. 

Sen;itor  Gatn  ;>  letter  includt'd  a  lar^e  numbei  of  items  which  he 
felt  that  we  had  not  considered  for  the  NSF  program.  And  in  fact 
most  of  the  items  listed  in  his  letter  are  efforts  that  NSF  had 
worked  on  sucessfully  in  the  past. 

Man>  iA  those  itt'ms  are  desirable  for  NSF  prc^rams  ia  an  era  of 
^rt*iiter  lesouins.  However,  we  produced  a  focusL-d  program  in  the 
area  when-  NSF  bad  K^od  bucces.^  in  the  past,  naniel>,  teacher  in-^ 
stitutes  foi  tiajntn^  teachers  and  brin^iin^  them  up  to  date  in  their 
fields.  We  full  it  was  important  to  a\oid  a  program  split  into  many 
sej^nientb  at  the  funding  available  lo  NSF  in  the  liscal  year  lOKi 
bud^eU  ^ 

1  believe  the  prugrani  was  well  (\)tused,  and  we  will  be  meelin^ 
with  Senator  Garn  in  the  near  (urture  to  explain  wh>, 

Mr.  WAwaiKN  Thank  you. 

Dr.  BKans(OMh.  Mi\  Wal^ron,  may  1  comment? 

Mr.  Walckkn.  Certainlv. 

Dr.  BliANsiuMli,  One  otWr  asi>ect  of  letter  deserves  conmieal 
because  it  implies  that  he  feels  NSF  nia>  not  und^-r&tand  properly 
the  dibtinction  between  the  role  that  NSK  c*»n  do  well  versus  the 
rote  that  thu  Department  of  i^ducation  can  do  ^elL  I  do  think 
then.^  IS  t^ome  misunderstandiaK-  bt^cause  hi&  ch^iractei  i/alion  of 
the  strength  of  the  Foundation  i,s  ijujlt^  d':curate  an,!  in  agreement 
with  NSF  s  view, 

NSF  IS  an  innovative  agency  it  has  deep  connections  with  the 
science  and  engineering  coinmunitiL^  h  can  rally  them  to  thes^ 
kinds  of  efforts.  And  it  i.^  appropriate  that  NSF  has  Hexible  innova- 
tive programs.  I  was  a  little  ^tattled  Uiat  hi.^  letter  didn*t  lecogtii^e 
that  NSF  is  pniposin^  a  flexible  innovative  progratn,  at  least  that 
is  the  wa>  the  Board  Feels  about  it.  Atid  I  think  he  is  under  some, 
perhaps,  misconception  that  there  is  *,oniusion  tn-'tween  the  NSF 
and  the  Department  of  Education  about  their  relative  roles. 

My  impression  is  that  there  is  little  such  confusion,  and  that  the 
two  iigencios  are  quite  dilTerent  in  their  capabilities  and  in  their 
orientations.  As  an  oulsidei  who  doesn*t  spend  much  time  in  Wash- 
ington, I  would  sii>  that  NSF  and  the  Defiarlment  of  Education  are 
working  well  together,  and  the  issue  reall>  is  not  a  major  issue. 
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Mr.  WAUiiiKN.  Tliih  committee'  last  week  marked  up  another  ini- 
tiative in  the  education  tirea  iti  which  we  provided  a  $100  million 
matching  fund,  or  a  fund  that  would  require  matching  to  be  imple- 
mented. Your  1983  fiscal  budget^  as  I  understand  it,  jn  the  precol- 
lege  area  does  require  a  match,  a  lOO-percent  match. 

Dr.  Knapp.  That  is  correct 

Mr.  Wai^gren.  My  question  is  whether^  if  we  are  successful  in  de- 
veloping this  new  initiative  in  matching  funds  in  this  separate  ve- 
hide,  whether  that  would  allow  the  National  Science  Foundation 
to  propose  a  program  that  might  not  require  that  same  degree  of 
matching  in  its  precollege  program. 

Dr.  Knapp.  We  have  not  seen  the  bill  you  have  just  marked  up. 
You  said  the  $100  million  would  require  matching  funds  as  is  set 
forth  in  the  bill,  and  would  it  by  NSF's  desire  that  it  not  require 
matching  funds? 

Mr.  Walgren.  No.  It  has  been  said  that  the  proposal  by  the  NSF 
to  require  a  100-percent  match  in  their  precollege  education  effort 
ma>  rule  out  doing  a  number  of  things  that  perhaps  we  should  do 
It  is  somewhat  inflexible.The  question  is,  if  we  are  now  ^oing  to  be 
providing  a  separate  fund  of  really  $150  million,  $15  million  of  it 
which  would  be  in  the  pn^coUege  area,  that  would  require  a 
match—would  you  anticipate  Voadening  your  .precollege  pro-am 
at  least  in  the  sense  of  engaging  in  some  activities  that  would  not 
require  the  match  that  you  are  now  proposing? 

Dr.  Knapp.  I  am  still  not  sure  I  am  going  to  be  answering  the 
question  correctlj.  As  for  the  program  that  the  Foundation  would 
work  with  the  Congress  to  develop,  if  the  Congress  comes  forward 
with  a  program  with  additional  funds  and  strengths^  there  are  ac- 
tivities the  Foundation  would  propose  tc  engage  in  which  might  be 
difficult  to  operate  where  matcning  was  required. 

As  the  bruad  bipartisan  consensus  develops  for  precollege  educa- 
tion over  the  next  few  months,  we  would  like  to  indicate  NSF's  role 
in  precollege  education  and  the  kind  of  programs  desirable  for  NSF 
to  undertake. 

Mr.  Walgren.  Continuing  with  the  question  I  raised  with  Mr, 
Coleman  about  the  loss  i,t  stopping  cold  some  education  functions  ^ 
in  which  there  may  be  very  broad  agreement  on  their  continuing, 
and  thinking  in  particular  of  the  public  communications  activities 
of  the  National  Science  Foundation  as  represented  by  the  television 
program  '%  2,  1,  Contact/*  and  the  like^  is  there  any  flexibility  you 
can  find  within  the  agency  to  review  those  programs  that  were  ter- 
minated and  perhaps  maintain  some  efii  in  those  that  have 
broad  agr  ment  as  to  their  legitimacy  and  which  we  feel  we  will 
be  going  right  back  to  as  the  Commission  reports? 

Dr.  Knapp.  We  are  reviewing  that  program  within  the  Founda- 
tion now^  and  determining  what  NSF's  role  could  be  with  the  fund- 
ing and  guidance  provided  by  the  Congress  for  fiscal  year  1983.  * 

Mr.  Waluren.  We  would  appreciate  being  kept  informed  of  that 
review. 

Mr.  Brown.  Gentlemen,  you  know,  I  am  not  particularly  prone 
to  partisan  sniping  at  your  activities  over  there.  But  I  can  , be 
swayed  on  occasion. 

JVlr.  Branscomb,  you  are  not  testifying  that  there  has  been  no 
real  change  in  policy  in  this  administration  since  1981^  which  I 
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rfC;ill  vir>  wril  you  ^\r<:  .ippearin^  bvfort?  thib  bubcommittee  about 
ihh  tiniti  in  v^IikIi  ihniiiiati'd  thv  buppurt  fur  instrumentation, 
we  almost  eliininated  the  education. 

We  elinfiinated  most  of  tht?  funding  for  social  science  and  fur  in- 
ternational science.  I  seem  to  feel  that  what  >ou  are  saying  is  we 
reall>  jui^t  killed  those  uff  su  that  we  could  do  them  better,  and  we 
reall>  supported  them  all  the  time.  Is  that  what  you  mean  to  say 
at  this  point? 

Dr.  BaANs(  OMiJ.  Mr.  Brown,  I  believe  "constructive  tension'*  was 
your  phrase.  None  of  us  is  the*  only  actor  in  this  arena,  as  is  fortu- 
nate since  it  18  a  democracj.  The  President,  the  Board,  the  Founda- 
tion, the  Congress?  and  thy  people  all  have  their  opinions  about 
what  ought  to  be  done.  When  the  administration  made  a  set  of  de- 
cisions in  March  1981  which  was  reflected  in  the  budget  you  de- 
scribed* the  Board  issued  a  statement.  That  statement  addressed 
the  issues  you  describe. 

Now,  it  may  be  that  that  statement  was  not  written  in  sufficient- 
ly boldface  letters  for  the  Congress.  But  I  assure  you,  my  friends  in 
0MB  understood  what  the  Board  was  trying  to  say,  and  there  was 
somv  ''constructive  tension."  The  Board  at  that  time  said,  ''the 
Board  Lar_  set*  a  crisis  coming  of  serious  proportions  in  precollege 
mathematics  and  science  education.  While  agreeing  that  public 
schools  arc  primarily  local  responsibility  the  Board  "is  convinced 
the  Foundation  has  an  indispensable  catalytic  role  it  should  not  ab- 
rogate even  if  the  level  of  investment  is  severely  curtailed/* 

The  Board  proceeded  in  August  of  that  y«;ar  to  issue  a  policy 
statement  on  science  education  in  vthich  it  identified  two  major 
prii^rittes.  The  first,  unique  responsibilities  of  tlie  Foundation  for 
research-level  education,  by  that  I  mean  colleges  and  universities. 
This  priority  involves  the  evaluation  and  monitoring  of  a  n.itionaL 
!>ciencfc!  and  engineering  education  system  with  respect  to  huma;( 
resources;  to  meet  national  needs.  ^ 

The  Board  s  second  priority  \va:>  leadership  in  identifyin^^eas 
of  special  Concern.  It  involves  encouraging  other  agencie;^  State 
and  local  governments,  arid  private  organ izaxitjns  to  meet  ihe  n^eds 
and  for  NSF  to  "intervene  in  selected  areas  where  significant  im 
provement  in  educational  outcomes  is  possible  within  limited  in- 
vestment." Limited  has  to  be  understood  in  the  context  of  a  kindei'- 
garten  through  grade  12  expenditure  in  t-his  country  of  $100  billion. 

Now,  on  the  same  day,  the  Directors  implementation  statement 
was  presented  to  the  Board  and  approved  by  the  Board.  The  Board 
said,  '*0K,  we  are  going  to  implement  your  policies/'  The  priority 
for  exercising  leader:»hip  to  encourage  private  and  other  govetn- 
mental  units  to  meet  the  needs  was  going  to  be  done  through  the 
Commission;  and  there  were  several  specifics* 

The  specifics  were  material  for  science  teachers  to  convey  new 
knowledge  and  technology,  interaction  among  science  teachers,  Col 
leges,  universities  and  industry  and  regional  resource  centers  for 
needs  assessment,  in-service  training,  encouragement  of  science  in- 
terest among  minorities  and  women,  and  local  leadership  develop- 
ment. 

In  the  same  meeting  the  Board  approved  a  budget  request  of  $7)0 
million  for  the  fiscal  year  budget  So  I  do  not  sit  here  to  tel! 
you  that  the  Board  made  a  decision  to  back  away  from  all  these 
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pn>^i:iuii^  ill  unlcj  in  w.iii  lor  tlit-  ( \>niini^si(>ii  to  do  its  work.  On 
ihe  othi'i  h*in(i.  I  rjol  \  unii>  here*  todiiv  to  t-xvjor'ati*  tho  adminis- 
trdtum.  1  think  Uw  lAdTitinistK-ttion  inhtTJti-f!  a  rJt)JttKcil{y  unviable 
sitUcUum  III  science  education.  Tins  cornnkittcH-  ha&  Ix^en  long  in- 
volvt'J  in  that  hisloi\  Thi»  commiltei*  htis  (buj^ht  for  il  con^istMit 
ly  uwr  the*  vrars 

Hut  bi'twfen  the  iMmmitlee  uid  tin-  jdni^inistr'atton,  both  politi- 
i'M  pi^rtivs,  the  pubhc  and  >^SI-\  thai  ellorr  dwindled  from  the  early 
iUZiW  While  Mr  Kect^an  nia>  ^el  civdit  for  the  ultimate  dwin- 
dlint^,  the  rfTorJ  had  pretl\  dwindled  b\  Uio  lime  he  got  It.  It 
was  fragmented  m  J7  prea*^  The  rebuilding'  is  urgent  but-^xcuse 
nie 

Mr.  BitoWN  Yi>a  vsould  make  Mmllai  statements  abgut  tb.*  Cut  in 
the—the  ^?7o  milhun  cut  in  msti  uuu-iitation  and  the  other  cuts  }hat 
I  have  referred  to" 

Dr  HitAiSrScuNnt.  The  ln^trurhentelt^orJ  cut  is  a  little  different.  The 
Carter  admrnistration  pn^puset'  a  major  initiative  in  in^trum^ia- 
tion,  which  the  Board  strongly  supported  ay  part  of  a  majWin- 
viease  in  the  last  vaiter  budget  The  new  administration  had  to 
confront    budgetary  rescission. 

It  was  not  imumbent  u[JOn  them  necessiirii>  to  defend  to  Con- 
gre^w  their  predeees^>or*s  budget 

Mr  Brown.  Yes. 

l)r  BitANsroMi*.  (  regret  tht-  fact  that  1*  years  have  passed  with* 
out  the  oppurianity  to  addiess  that  issue.  I  am  pleased  that  "we  are 
now  addreb^;ih^^  it.  The  constructive  tension  with  the  administra- 
tion has  produced  some  good  results. 

Mr.  Bkown.  I  think  you  have  put  tbis  all  in  a  good  flight.  [,  of 
coui^e.  continue  to  have  high  regard  to  your  own  perspicacity  and 
understanding  ol  lhe.se  issuer  1  very  much  welcome  the  status  we 
are  in  todci>  where  Ae  are  now  reasserting  the  high  importance  of 
these  programs,  wheth.^r  we  redefine  them  in  si>ine  cosmetic  way 
or  not,  the  progi^ms  themselves  are  important. 

I  don't  think  thifa  ci>mmitlee  evet  tried  to  mandate  on  NSP^  or  the 
Buard  exactly  h*AV  weAvoiild  fulfill  these  important  national  needs 
But  we  recogni/e  that  thi/  existed  and  needed  lo  be  filled.  I  think 
this  program  gues  a  long  way  in  fulfilling  them  1  commend  you 
and  Dr.  Knapp  for  succeeding  in  utih/.ing  tiiat  coiijilruclive  tension 
for  this  worthw^bile  result. 

Let  oie  juM  de<il  with  one  additional  quet;l ion  which  is  high  on 
my  personal  agenda.  In  your  statement  on  page  5  you  say  that  tbe 
B^ard  bees  strikmg  reasons  to  in^e&;t  in  re*^arch  in  computer  sci- 
ence, electrical,  and  computer  engineering  and  application  of  new^ 
m[ormcition  tt-cbnolugies,  and  in  addressing  the  most  urgent  prob 
lems  in  education  jn  computer  ,^kil]s.  You  wouldn*t  so  far  as  to 
endorse  my  legislation  to  J?et  up  a  Policy  Institute  for  giving  ii'^ 
some  national  direction  i**  that  field,  would  you?  f 

Or  BKANi*(  oMi*.  1  must  confess.  Mr  Brown,  I  aiii  not  so  famili:ir 
with  It  as  I  should  be.  I  will  make  inyseU  famijiar  with  it. 

Mr  BrtoWN.  Yes,  How  wmjjI<1  you  fe)  about  making  this  the  sub- 
ject in.  s(]y.  the  next  mi»nths  vi  a  year,  after  the  present  Commis- 
sion expires,  of  ajiulhei ^outstanding  national  le\ei  commiiision  to 
try  and  address  this  complex  of  important  problems  as  p  coherent 
is<;ue"^ 


I)r  hh.\N^<**\!h  It  VI*  i  I  wufih  ( iFi*.  idt^nnu  hivauM*  thiTt*  are 
nutny  i^ikii^  M  mUtim^ii^  nt  t<k\uAAi>L^  \>\wuniH'iui.  if  I  cuii  call 
tht  ni  th*it^  whu  li  :\ti*  ^kinl  iJ!ulMr\i-  1*  n.siii"  *A  oar  jn*  \  hi&' 
t(jr>,  and  about  vvhah  Un  bolh  utiilrr.shtndui^  ,ind  poor 
uii(ttiimit>  Tlit-  dip^'ipliiurv  Mru*..tiir  ol"  th.it  fK'Id  i&  irdKm^'iitud 
,uul  d>!iam(L  That     fMn  of  K.s  .sUfn^th.  but  part  of  (he  confuivion 

Tliv  Buird,  ill  (att.  vtdl  bt^  di'hatin^;  Uu>  (u-M  muiitli  and  a^ain  m 
Mii>  the  ait^rThil  f>rf^an*/aiUuin  and  pnonlit-*  of  thv  Foundation  in 
infi>i:niatjon  .s*.K'n*.t\  Lompiitn  t UKJnri'j  iii^.  M^JiipuU'r  science 

Tht  1 1*  aij><>  ij>  a  hi'niendou^  t  jaliu>iiL-tii  loi  tlu-  lole  of  computt  rs 
m  i^ducat4oii.  It  ^>  Mi^it**.  it^tuarkabK-  iii  ;be  ut*vt  the  di^<lppo^nU'd 
|)t*r5on.s  m  the  11>">(*\s  and  IIX^^JV  wh^'ii  thai  jrame  tMithuMa^m 
phiy^'d  out  to  no  t'ltt^t't. 

Mr.  liiuAVN, 

I)r  BitANMOMii  Mai      !ia\i' -mi  the  *.Mitbu-»ja.sni  in  the  projects 
that  NSF  ha^  .suj^pt^rttd  p*iitj*  aTji  1;.  m  litKht\st<-i\  Xfniii  where 
thi.s  >^ar  tJjJOd  .school  kidj>  vmU  be  tra*aed  oi*  pvrj^uuaJ  coniputt-r^  It 
i&  extraordinjr> .  tht*  p<^iti\t*  onV(.T  a  \\a^  on  both  tea^Iier.'s  and 
dents. 

I*(  t  mo  ^a>  N'-o  ha\  *  .some  gUMt  opportunities  Jii  en^Niieennj^  edu- 
calioij  butit  atuuiid  Uie  compute*  lt^hno!ot^>  lo  jnjpnne  the  pro- 
duttnitv  tjf  jnduj>t!>  We  neyd  yuuim  en^iiti^rs  v.in^  .see  production 
technulot;\  a  ^  hallen^in^  career  m  dt  velopmeEU.  Tn,it  is  also 
beinj^  driv4  n  by  eoinputer  techtioloj^v, 

Mr  BiunvN.  Did  >ou  have  a  chaiK-e  to  mt^eJ  v^ii\i  aJi>  of  that 
Swedish  delegation  I  referred  iv  earlier? 

Dr  BnANsroMB.  No,  sir,  1  didn't. 

Mr  Bki^Wn  1  he\  ;iro  a  parluiim^ntar>  (.ujjirni^ust^rn  on  uhat  the> 
call  "  uilnimatKs."  whjih  i^-  <i  tenii  the  Fteuch  um\  also.  It  includes 
thf  whole  scijpe  o[  what  >oa  teferrt^  lu  here.  Our  friend.-s  Japan 
have  ^imjl<ir  mbtitalional  mechanisms  for  Review int;  th^s  Held.  My 
legi&latitjn  \va>  an  attempt  to  m<it*.h  this  etforl  in  some  fashion. 

But  of  ci^ursc.  no  partjculai  iuMitut joiial  <ij  ran^^emeiit  has  any 
ma^K.  1  \vou!d  \er>  much  appre*.iate  it  il  the  IS+Jaid  vtould  least 
^ne  st>ni.  thouf^ht  lo  the  possibility  of  letomnjenfling  to  the  Piesi 
dent  a  commission  in  thih  iin^a.  It  is  the  simi)iest  approach,  one 
\shi*,!i  i5>  already  enibt>cUed  in  liivt  and  has  been  tor  man>  >iars.  It 
would  pnnide  an  o|)portunil>  lu  brm^  tot;etbirK  as  the  s*.ien*.e  and 
math  education  ut^'Up  ha&.  outMandin^  Mrou|>  of  leaders  the 
country  to  focus  on  this  in  a  honioj^eneous  way. 

l)r-  BuANKiOMR  The  Board  will  eertnml>  discuss  it  We  will 
inform  ourselves  ijb^ut  the^levelopmenls  iu  the  (\*minet*.e  Dtpart- 
menl  \^hjch  su^^^'^^t  to  me  that  tlto  ^oviinmental  iapabi!jt>  for 
dealing  with  those  issuer  js  diminishing'  ruthi  r  than  urowin^. 

Mr,  F^UuWN.  Well,  in  discussing  this  mv^tll  wjth  the  S^^edes  I 
pointefl  uut  whal  thej  were  fanuljar  iM(h.  a  hn^e  proliferation  of 
activity  here,  but  no  one  comprehensive  Aa>  of  ai<al>/.iii^  this  in 
termh  of  what  U  ij>  dvm^  to  the  future  of  this  countr>  or  the  i|ual 
ity  of  living  in  this  country,  or  any  other  sinuliir  nalional  k^j*jI  1 
think  that  is  where  we  have  a  Uuk  at  Ihe  pn^sent  tjme. 

Thank  yoii,  Mr  <*hairman.  ' 

Mr  WAixHiKN.  Thni}k  you.  Mr,  Brown. 

Mr  Boteman. 

Mr  Batkman.  Thank  you,  Mr.  (Iiairnian 


Mention  Inis  Ik  c*n  made  of  Senator  Garn's  letter  of  February  17. 
I  have  now  iiad  an  opporUuiily  to  see  and  read  a  copy  of  it.  Had 
the  letter  been  addre!?^ed  to  me,  1  think  I  would  have  had  to  "have 
sent  back  a  response  to  the  effect:  "Your  message  was  received, 
would  you  please  send  a  translation?*' 

I  have  read  it*  but  I  am  riot  at  all  sure  I  can  focus  on  the  con- 
cerns. Tliere  is,  of  course,  a  concern  on  my  part,  and  I  think  Dr. 
Knapp  and  Dr,  BranbComb  have  already  indicated  they  haven't  had 
a  chance  to  loak  at  in  the  marked  up  bill  that  the  committee  has 
sent  forth  any  detail 

I  think  I  would  be  benefited,  and  perKaps  all  of  the  committee,  to 
have  your  observationb  on  what  the  legislative  process  to  this  point 
hab  brought  forth,  and  whether  or  not  you  see  points  of  sensitivi^ty 
in  terms  of  what  the  bill  in  fact  provides  insofar  as  the  operative 
relationbhip  between  the  National  Science  Foundation  and  the  De- 
partmentof  Education. 

There  is  a  certain  degree  of  nervousness  on  my  part  as  to  wheth- 
er or  not  we  have  done  our  job  as  well  as  would  have  been  desir- 
able in  a  perfect  world  of  spelling  out  the  operative  relationships 
bet'^een  the  two  and  whether  or  not  you,  as  well  as  I,  would  like  to 
know  the  views  of  the  Department  of  Education  as  to  whether  you 
feel  a  need  for  further  clarification  or  definition  of  roles, 

I  appreciate  your  testimony. 

Mr.  Chairman,  I  don't  have  any  compelling  questions  that  come 
to  my  mind.  I  simply  offer  those  comments, 

Dr*  Knapp.  I  would  like  to  comment  on  those  points.  In  consider- 
ing agency  roles,  it  is  important  to  have  activities  as  compatible  as 
possible  with  the  agency  ^  customs  and  practices  and  to  capitalize 
on  the  agency's  strengths.  For  NSF,  that  means  we  talk  about  open 
competition,  emphasis  on  excellence,  use  of  peer  review.  The  latter 
not  only  gives  NSF  rigorous  quality  control  but  also  makes  NSF 
more  receptive  to  new  ideas,  from  the  field. 

The  open-v^findow  feature  I  just  spoke  of  is  one  of  NSFs  tradi- 
tional strengths.  Another  is  the  professional  scientific  and  engi- 
neering community  in  the  United  States  to  which  we  are  tightly 
connected.  NSF  is  highly  respected  by  that  community  and  knows 
how  to  deal  with  it.  Sa  we  think  NSKs  role  should  be  in  activities 
that  use  competition,  peer  review,  the  scientific  community  of  the 
United  States,  and  part  of  the  educational  training  community; 
working  together  as  a  team. 

Thfj  Department  of  Education  is  strong  in  different  areas.  We^ 
have  worked  quite  hard  with  the  Congressmen  who  are  drafting 
the  legislation  that  you  just  marked  up,  NSF  ideas  are  interwoven 
into  what  you  are  putting  forward  because  there  is  a  delineation  in 
that  bill  between  the  role  of  the  NSF  and  the  role  of  the  Depart 
ment  of  Education.  We  are  pleased  with  the  results  that  we  know 
of  to  date.  I  understand,  however  the  bill  is  still  being  worked  on 
ahd  is  still  not  reported  to  the  full  floor. 

Dr.  Branscomb.  May  I  a  comment? 

Mr.  BatEman.  I  would  be  happy  to  have  it. 

Dr.  Branscomb.  I  am  thorou^.ily  in  accord  with  Dr.  Knapps 
point  an  the  importance  of  the  Foundation  undertaking  those  ef- 
forts for  which  it  is  best  fitted.  And  1  believe  there  may  be  efforts 
in  H.R.  1310  that  really  will  be  done  best  if  NSF  undertakes  them 
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Rut  H'^iH'il  tu  W,  %\\n\v  the  Board  hab  no  position  on  any 
part  of  tin*  bill,  I  iiiVMOf  think  the  title  i-s  iii*  cfTecttvc  w^ay  of  ap- 
proachin^;  the  ib^ue  1^*1  auM-  it  l^  broitd,  it  ib  congruent  with  NSr  s 
enabling  statute. 

I  want  to  L'omment  on  the  chdjrman'b  comnn^nt  about  matching 
fund^  becdube  I  am  not  fjmiliar  with  that  element  of  title  IL  I  feel 
comfortable  about  the  matching  idea  in  NSF^  precolleift:  sciente 
education  initiative  thib  yeai  becaube,  there  ib  a  lot  of  interest  in 
the  private  sector  at  the  moment  in  helpin^j  the  bchoolb,  and  the 
schools  themseiveb.  of  vourse,  have  bud^^etb,  the>  are  publicly 
funded  institutions. 

At  the  university  level,  whtn  you  think  about  matching,  bear  in 
mmd  the  importan*  role  of  the  private  collegeb  and  urtiversitieb.  Be 
bure  that  their  lap^ihiiitj  to  match  under  the  tt^^rms  of  the  taw  are 
not  at  a  disadvantage  sMth  respect  to  the  ability  of  a  State  inbtitu- 
tion  to  match. 

It  really  depends  on  i^hether  matching  i-,  b>  facalt>  satarieb  in 
kind,  bo  to  bpedk,  which  all  in^titutionb  equally  pruvide*  or  whether 
there  i^  a  need  to  have  State  appropriations  that  would  help  a  pri- 
vate institution  to  match.  That  ma>  be  difficult  to  expect  from 
most  States. 

Mr  Wau^rkn.  Thank  you. 

Mr.  Skeen- 

Mr.  Skkkn.  Thank  you,  Mr.  Chairman. 

Dr,  Knapp,  Dr.  Branbcomb,  both  i>f  you  made  btrong  references 
to  plant  biology,  a  particular  intere^t  of  mine  and  those  of  ub  who 
are  involved  in  agriculture  and  intere^ted  ab  we  deplete  the  fertil* 
ity  of  the  boil  of  this  whole  earth  of  ours,  I  never  ^ease  to  be 
amazed  at  what  new  developmentb  take  place  that  once  again  reiii- 
force^  the  ability  of  thib  earth  to  support  ub,  1  think  that  you  have 
made  appearan^eb  before  the  Subcommittee  i>n  Natural  Rewurce^, 
Agricultural  Research  and  Environment  in  which  the  btatement 
was  made  by  one  or  both  of  >ou  that  only  percent  of  the,  or  some- 
thing like  ')  percent  of  all  plants  that  are  edible  have  been  devel- 
oped for  market  u^e,  I  have  ^ome  quebtionb  in  connection  with 
that. 

Could  you  bketch  out  what  the  potential  at  thib  point  in  plant 
biology  and  economic  bolan>,  the  u^e  of  thi^  area?  I  am  extremely 
interested  and  I  would  appreciate  it. 

Dr.  Knai*i*.  I  don't  know  about  tebtimony  to  a  natural  re^iources 
committee. 

Mr  SkKkn.  I  think  it  was  Dr.  Branscomb. 

Dr.  Bkan^coMD.  No,  sir,  I  don't  think  it  was,  it  mi^ht  have  been 
a  Board  member. 

Mr.  Skkkn.  Oh,  the  Department  of  Agriculture. 

Mr.  BiiowN.  You  have  a  pair  of  physici&ts  before  you,  sir.  We 
ha\e  real  exjXfrts  in  the  Foundation  that  can  anbwer  your  question 
right. 

Mr.  Skekn.  I  will  take  whatever  you  have  got  to  offer. 

Dr.  Knapp.  Withm  the  past  mo^ith,  a  spectacular  advance  in  ge- 
netic engineeiini^  in  plaiiU^  hab  been  recorded.  It  \b  asjsociated  with 
nitrogen  fixation  in  plants:?.  Nitrogen  ib  a  common  element  in  the 
atmosphere,  but  plants*  can't  use  nitrogen  ab  atmobpheric  nitrogen, 
they  miis^t  um?  nitrogen  as  ammonia,  which  is  fixed  in  nature 
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thnKjiJi  a  .svuiljtoin  H  httiijn^hi|>  bi-lvvn'ii  b*utt.^i"iii  tivinj?  in  nodules 
in  plant  vooi^ 

Jus^t  iai>t  rnoiild.  ihniu^h  t;<'rii'hL  I'uj^nu^iTiiiK  it  was  possible  io 
^*^{  nudultf.s  tu  ^row  on  a  plant  whith  [ituniallv  doi^y  nol  fix  nitro-' 
^i^n.  THks  i.s  the  firbl  major  di^monstration  of  gt.^iietic  cn^^in<?c^ing  in 
a  pltnit  ^\^tem.  It  tut^L^  URl-  it  mi^hi  l<?ad  toward  substantial  com- 
mtTcud  appliialioa.  It  tta^  i\xtrtL^[ni.'l>  ba.sic  reiscarch.  very  mucli  at 
the  f'uivfrunt.  und  partJall>  .supported  bv  the  National  Sci<?nce 
Kaunchition. 

Tlvre  are  n»an>  other  upportunitie.^  fo^  advanees  in  plant  biol- 
tj^y,  ^onw  ui  theni  nut  in  tlie  ^*Ine>  f^enetlt'  engineering  areas.  For 
t'xample.  vve  fijveii  t  even  t.atalo>;ed  all  of  the  plant:^  wl)ich  grow  on 
this  earthy  particulail>  in  the  tropics  whyre  there  are  gigantic  for- 
e^t.s  with  many  .spe^iey.  It  was  only  reeontl>  that  a  new  species  of 
com  Wii.s  found  in  Mexku.  It  \\a.s  then  bred  with  other  species  of 
Luin  U>  nuiive  inort-  di.sea.se  n^istatit  plants.  Several  areas  of  plant 
biology  are  ripe  for  further  investigation. 

Dr.  Bkan.siomb.  I  would  <idd  onl>  one  thought  I  am  sure  the  ex- 
citement m  tlii.s  (aea  wiU  be  con\e>ed  through  announcements  like 
the  oiie.s  I)r  Kriapp.  ju.st  made.  Perhafxs  the  characteristics  of  a 
plant  tan  be  altered  with  rebfjeet  to  itis  ix^quirenjents  for  fertiliser, 
ur  needs  Jur  water,  ur  v  ulnei ability  to  pest^,  Ab  the  basic  scientific 
tools  o\  this  dusLipline  are  improved,  researchers'  ability  to  meas- 
uiv  and  cliaraetei i/e  the  ^eiietie  nature  of  a  given  species  is  in- 
crea.sH.  we  will  find  a  produLtivit}  enhancement  important  to 
a^ricultL:re.  In.stejd  o!  experimental  plant  breeding  in  oitier  to  get 
genelit  improvement,  an  old  and  pow^^rful  tool  of  agriculture,  a  re- 
searcher eari  .sit  dovvn  and  thcoreticaH>  predict  which  of  V^>,(*'K1  nat- 
ural htrain.s  in  the  ,^eed  bag  are  the  right  '>  to  biwd  together  to  get 
the  desired  eharacteriiitics. 

If  he  ever  get>  it  rif^lit.  then  he  can  change^  K)-  or  LVyear  develop- 
ment ejele.s  d^wn  to  p<"ihaps  one  or  2-vear^.  The  responsivenes^s  of 
plant  ^eneta>.  m  n>nnnerLjal  and  agricultural  needs  could  be  im- 
port art. 

Mr.  Skkkn.  Mow  eliJ^e  are  >ou  with  the  AID  program  and  the  De- 
liartnitnt  of  Agriculture  for  development  of  thi.s  technology?  Does 
the  NSF  work  ela!sel>'*  1  ivnow  >i>u  du  with  the  Department  of  Edu 
cation  and  so  forth,  but  it  i>  a  euriosity  with  me  because  1  think 
thiii  is  a  major  development. 

Dr.  Bkan.sujMB.  M>  personal  relations  are  excellent  because 
N>le  Brady  an  old  colleague.  Mv  compaii>  in  fact  provided  free 
com[)uter^  and  other  m^trument.s  iji  the  Philippines  to  further  this 
kind  of  work.  I  am  sure  the  Foundation  ex|)ert.s  are  close  to  the  af*- 
ricultunil  experts?  in  AID,  iind  1  am  sure  NSF  t^upports  them  tech- 
^  nieallv  in  many  of  their  activities. 

Mr.  Skkkn  IiiMdar  a.s  o.sin^  more  .speLiew  of  plants  for  economic 
purposes,  do  vou  envision  the  field  ah  widt-  open  in  this  area?  It  is 
to  m<v 

Dr.  BftANMciMii  It  i.s  to  ine,  too.  I  keep  thinkin{*  natural  material 
products  tMy  be  an  jmpoitant  beneficiary,  too.  People  don't  talk 
much  about  jmpnjvm^  the  structural  characteristics  of  wood  or 
natural  fibi^'r.s,  huX  I  .su.spect  there  are  opportunitie.s  there  as  well 
as  in  food  products  of  a  more  c^mvcntional  kind. 
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Mr.  Skkkn  1  «t|>|^niiato  the  omphti.sjis  both  of  you  ha\e  made  in 
this  arx'ai  nnd  thank  you  both. 

Dr.  Knapp,  I  uould  hke  lu  jnake  another  ci*tnment.  It  has  to  do 
\tith  the  educational  ai>pccts  of  NSFs  work  we  are  discussing 
iudti>.  Plant  biulugii>tj>  are,  in  t.horl  supply.  One  of*the  emphases  we 
will  be  putting  in  NSF*s  tjraduate  educcitiunal  pjrogram  is  support 
for  young  people  who  wuuld  like*  to  into  the' field  of  plant  sci- 
encebf  in  particular^  thu&e  whu  have  skills  in  genetic  engineering, 

Mr,  Skkkn.  I  am  a  little  amazed  that  we  have  so  few  laborato- 
riesi  at  this  puint  with  the  private  MVtor  pt^uple  working  in  this 
ared,  Her&  i&  une  of  llu'  guud  examples  uf  a  fairl>  ^new  technological 
inno\ation  that  has  tremendous  ecuiiumic  imt>aU  and  we  are  still 
not  seeing  a  great  deal  of  response, 

Ma>be  it  b  earl>.  I  do  appreciate  the  emphasis  and  appreciate 
the  testimony  today,  ,  ^ 

Thank  you,  Mth  Chairman, 

Mr,  Walokkn,  Thank  you,  Mr.  Skeen. 

Mr,  Mineta. 

Mr.  MiNETA.  Thank  you,  Mr.  Chairman, 

Knapp,  and  Dr,  Branscomb,  I  am  the  new  kid  on  the  block 
here,  and<:I  appreciate  >our  being  here  to  help  further  enlighten 
me  about  issues  that  you  are  dealing  with. 

thi*  bu//  word  wis  "iDfrastru*.ture".  The  buzz  word  in  1!)83 
seems  to  b(*  "high  technology''.  *  ' 

The  thing  thiit  ,sort  of  bothers  me  about  juU  a  cursory  glance  at 
what  we  aro  doing  is  that  it  is  a  start  and  stop  kind  of  a  mecha- 
nism. Over  the  >ears,  not  with  regard  to  an>  administration  or  any 
directors  or  an^  chairs  of  the  National  Science  Board,  but  it  seems 
like  we  go  through  the  ritop/start  kind  of  thing, 

I  am  wondering,  l>  there  a  way  to  sort  of  lay  out  a  5-,  10-,  15-year 
picture,  and  in  tenns  of  needs  and  goals,  liuw  do  we  get  there,  in 
terms  of  basic  or  applied  research? 

/  It  seem^s  tu  me  as  we  talk  about  mf  rastructure  Inroads  or  invest- 
ments in  capital  expenditures,  that  somehow  wtr  ought  to  btr  doing 
the  same  kind  of  thing  a>  it  i  elates  to  investment  in  human  capital 
and  the  field,  basic  fields  of  science  and  engineering. 
^  I  am  wondering^  has  that  ever  been  undertaken  by  the  NSF  so 
that  it  is  not  just  surge  of  a  sputnik  ur  computer  chips,  I  come  from 
San  Jose,  Calir^  \\hith  is  the  heart  of  Silicon  Vallev  where  we  have 
fiot  all  of  the  semiconductor  companies  and  all  of  this  high  technol- 
og>  going  on.  We  are  bothered  bj  the  fdct  that  our  labor  force  is 
not  properl>  prejMred  for  the  kinds  of  jobs  that  are  available,  I 
sometimes  wonder  whether  ur  not  we  reall>  have  an  idea  of  where 
we  are  going. 

I  was  just  wondering  if  you  might  comment  on  that,  ^  ' 

Dr,  Knati*.  I  will  comment*  and  I  think  Dr,  Branscomb  would 
like  to  comments  too,  ^ 

Within  the  scientific  dis;;iplintrs  supported  by  the  National  Sci- 
ence  Foundation,  there  are  well  devtrloped  ]0">ear  plans  for  what 
thttot  fields  would  like  to  do  in  terms  of  growtn,  equipment,  direc- 
tions, and  manpower. 

Within  the  Countr>'i>  pei^onncl  pool  for  i>cienCe  and  technology,  I 
know  of  no  long-rangt;  plan  along  such  lint^s.  It  is  difficult  to  plan 
because  people  trained  in  a  scientific  discipline*  say,  chemistry  or 
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phybicii  or  tiblruui>ni>,  many  time^j  work  in  fields  difTerent  from 
those  the>  truiried  m.  But,  it  turrib  out  that  they  are  trained  better 
for  the  job  they  take  than  if  their  traming  had  been  more  focused. 
For  example,  the  Bell  Telephone  Laboratories  over  the  past  3  year^ 
have  been  developing  a, large*  new  switching  s>'stem  for  tx3nsconti' 
/  nental  telephone  i^ystems.  The^  ha\e  hired  15  percent  of  all  Ph,  D- 
physicists  produced  in  this  country  each  year  for  the  past  3  years; 
150  Ph.  D-'s  per  year*  and  they  are  not  doing  physics  ^research 
when^they  go  to  work  for  Bell  Labii.  Some  arfe,  but  many  are  not.  It 
happens  in  the  graduate  schools  for  physics  research  that  these 
•  people  learn  while  doing  their  research  man^  aspects  of  systems 
development  and  computer  data  acquisition  all  directly  necessary 
for  the  Bell  Telephone  Laboratories  in  the  development  of  the 
switching  system.  ' 

It  is  difficult  to  say  Bell  Labs  will  need  in  the  next  10  years  so 
many  physicists  or  so  many  chemists  or  so  many  astronomers  be- 
cause these  sc^ientists  work  on  different  subjects  than  those  in 
whicK  they  are  trained.  What  they  are  train'^d  in  primarily  is  a 
way  of  thinking  about  a  problem  and  a  way  of  attacking  a  problem 
rather  than  in  specific  skills.  That  is  to  gay,  the  scientists  in  these 
fields  are  broadly  trained,  and  broadly  trained  people  are  needed  in 
new  developments  at,  I  am  sure*  IBM  and  the  Bell  Laborato^ries. 

So  we  can't  just  look  at  statistics  and  say  the  companies  will 
need  0,000  new  scientists  of  a  certain  category  every  y^r  for  the 
next  10  years  in  order  to  make  up  trie  pool  needed  for  taking  tech- 
nology forward. 

it  is  difficult  to  do.  I  would  like  to  see  a  study  of  past  experience 
so  we  might  be  able  to  extrapolate  from  it. 

Mr.  MiNET\.  But  even  if  we  can't  quantify*  we  know  'Cbat— th^ 
faster  we  run,  the  behinder  we  get.^  ^  ,  \ 

.Dn  Knapp.  I  have  a  feeling  that  in  1970,  when  newsp^pprs  ran 
articles  abou^  Ph.  D.  scientists  driving  taxicabs>  that  we  did  not 
have  a  surplus  of  scientists  in  this  country^  we  had  a  dislocation.  A 
number  of  people  fiad  lost  jobs  in  the  aerospace  industries  and  ^ley 
were  taking  a  little  while  to^nd  other  employment. 

As  we  have  seen  in  the  Japanese  economy,  the  U.S  economy  could 
absorb  man>  more  scientists  and  technicians  than  are  in  it  right 
now>  many  more  engineers  than  we  have  available  if  they'were 
available^  and  we  would  see  no  more  unemployment  in  engineering 
jf  we  had  double  Ihe  nu^nber  of  engineers  in  this  country-  Industry 
could  use  the^se  people  and  use  them  wisely  if  they  weite  trained. 

Mn  MiNETA.  But  as  we  try  to  encourage  people  to  get  into  the 
scientific  field,  and  as  you  say,  it  is  difficult  to  project  what  our 
needs  are  going  to  be,  what  about  juSt  general  proposition  as  to 
whether  or  not  we  are  training  people  to  pursue  their  education 
not  for  the  industrial  private  sector,  but  what  about  those  that  are 
going  to  be  preparing  for  an  academic  career? 

It  seems  to  me  we  are  eating  our  own  seed  corn  right  now.  I  was 
taiKing  to  the  head  of  the  chemistry  department  at  San  Jose  Uni' 
versity.  At  the  instructor  level  tney  are  locricing  for  Ph.  D/s  to  start 
at  $21,600  a  year.  Now,*  a  Ph.  D.  in  chemistiy  is  not  going  to  be 
attracted  to  San  Jose  State  for  a  salary  of  $2i>600.  If  they  are,  it  is 
a  starting  place,  and  with  the  companies  in  our  area,  they  can  go 
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easil}!,  witlio\i(  any  question,  I  mean  <it  iJ5,000  pluy  an  employee 
stock  option  program  and.  boom>  th^y  are  out  th^  door. 

It  just  seems*  to  me  bomehuw^bumehovr  wv  uuijht  to  be  dealing 
with  ihis*,I  am  not  Just  sure  how, 

Dr  Knapp  The  administration  hab  an  initiative  to  deal  with 
that  problem  in  the  fiscal  year  1084  budget.  It  ib  the  young  investi- 
gators program  in  which  NSF  will  make  to  >oung  faculty  av^fards 
averaging  $30,000  to,  $40>000  a  year  for  5  years, 

That^  award  is  an  award.  It  is  not  a  grant  to  do  particular  re- 
search It  is  an  award  babed  upon  the  investigators  record  in 
achieving  his  or  her  position* 

The  investigator  can  use  that  awards  part  of  it  matched  by  indus- 
trial funds,  to  do  researrh  he  or  she  v^fould  like  to  do.  That  makes  a 
lov;f  salary  at  San  J6se  State  a  lot  more  attractive  because  the  in- 
vestigator is  also  free  to  do  attractive  and  interesting  /esearch. 
Many  people  would,  be  willing  to  take  a  i>maller  remi^neration  if 
they  had  th**  freedom  fo  follov;^  what  the>  would  like  to  do,  I  think 
that  program  is  a  wise  program, 

Mr.  MiNKTA.  In  San  Jose  we  have*  ab  >ou  well  know,  the  General 
Products  Division.  Art  Anderson  there  is  always  dying,  I  v^fonder 
hoy^  many  qualified  computer  science  engineers  are  available  to  be 
hiredn  ^  . 

Dr.  BuANSCOMB,  I  don't  have  the  number  but  the  field  is  very 
competitive,  ^ 

Mr,  MinetA,  Hov;f  many  would  you  say  you  hire  at  IBM? 

Dr.  Branscomis,  I  don't  know  the  number  of  engineers  that  v;fe 
have  at  baccalaureate  level  but  we  get.  what  ^ome  othei-s  might 
say  is  more  than  our  share  of  the  Ph,  D,'s  and  graduate  students  in 
this  area,  ^  ^ 

We  sl^are  the  concern  of  the  Foundation  and  otherb  with  the  seed 
corn  issue  >ou  describe.  In  the  past  2  yean>  our  company  has  in- 
creased iUs  activities  with  the  universities  to  ameliorate  that  situa- 
t^on^  ' 

If  I  may  respond  to  your  question  in  a  slightly  different  way*  let 
'^ine  divide  this  problem  in  thice  pieces,  the  innovation  problem* 
mostly  a  private  bector  ibsue,  which  involve;?  tax  polic>  and  related 
matters,  the  graduate  education  and  rebearch  ib&ue*  which  involves 
skilled  profesbionalb  and  new  knowledge,  and  the  precollege  educa- 
tion issue.  Before  v;fe  can  have  the  broad  vi&ion  of  the  sort  you  call 
for.  v;fe  first  must  get  people  to  recognize  that  these  three  sets  of 
issues  are  very  tightly  intertwined  over  a  long  time  constant,  I 
think  v;fe  now  have  that  understanding,  I  have  been  Unpressed  at 
v;fhat  th^  Governors  in  particular  have  been  doing  as^^uiey  have  re* 
alized  that  this  i$  a  good  issue  for  Governors, 

Each  of  those  sectors  now  has  a  pretty  good  grip  on  what  they 
think  their  long-term  btrategic  isbues  are.  If  you  ask  the  colleges 
and  universities  your  question*  they  uin  give  you  good  answers. 

If  you  ask  industry,  they  v;fill  tell  you  what  they  see  as  the  long- 
range  requirementsn  for  competitiveness.  If  you  go  back  to  the 
schools,  you  get  similar  answers. 

The  problems  lie  at  the  inierfaceb  between  the  sectors.  There, 
the  much  more  concerted  thought  you  are  calling  for  is  required. 
Let  me  illustrate  with  Just  one  example,  a  relatively  new  is^ue  for 
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NSF.  Tht^  I*)ii^^iti*'i-t  itifi  DimtuKitc-  bi^eti  discuj^^iiv  it  with  the 
noaid,  thinking  about  tli(>-iutiin.>  t'llorl. 

The*  isMJc*  invoKob  nul^MJttlL^  tt-Lhi)olv>,^\  You  ma>  b(?  iiware  Hut 
Santa  Clara  Vj1U\\  could  jubt  ab  bt^  called  Iron  Oxide  Vallf\ 
Ix-caui>e  there  ib  much  tnont'>  derived  fioiti  the  marufuiture  of 
magnetic  recording  di>k  files  in  the  \alle>  as  there  is  from  silicon 
chips. 

But  nubud>  knu\\?>  that  Gt-cau?>o  nobod>  \\rjtei>  about  it  The  chips 
are  fa^ihiunable.  The  fnaj^netj^  recurding  ib  nut  fashionable.  Yet 
there  1*^  one  uiii^et>>it>  with  four  ur  five  taeult>  members^  in  magne- 
tics, about  four  universities  have  about  t\\o.  So  Arthur  Anderson* 
whom  yyii  nieiitionett,  been  talkinj^  to  eompanieb  and  other 
univei^itie^  about  a  [private  initiative  to  bo^^in  in  a  university  in 
this  field.  That  i>  >umeihin^;  the  Fedeial  Governmervt  must  know 
about,  becau?>e  once  It  starts,  there  inevitably  be  interest  in 
universities. 

That  lb  exactiv  the  purpose  the  private* sector  would  Itave  in 
^stimulating  it.  So  here  is  ;i  field  m  which  a  U.S.  industry  leads  the 
uoild  and  i?>  being  thaMenged  b>  competitors  overseas  who  are  in- 
\estiiig  Mib>tantial  sum;,  of  monev  for  researcl[i  in  their  Universities 
in  this  technology 

NSF  came  late  to  the  example  of  njagnetic  technology,  it  pould 
have  been  anticijMti^tl  had  then."  been  a  thorough  job  done  by  com- 
binalion  ' 

Mr.  MiNKTA/Thut  ii»  my  points  There  must  be  other  things  like 
that  that  we  just  haveii*t\identined. 
Dr.  Bkanscomr.  I  think'  lhere  are. 

Mr.  MiNKTA.  Vet  the  net\d  is  there'and  we  will  be  facing  a  crisis 
at  so'^ie  poinL  The  i]Uestion  i>  how  do,  ue  avoid  that  crisis  right 
m)\\.  by  sort  of  crvstdl-baUing  into  thf  future,  not  in  terms  of  op- 
portunities, but  just  areas.  , 

Dr.  niiANyroMU.  It  is  too  difficult  to  ^^rap  all  those  issues  into  a 
single  study  anu  single  vision.  In  a  plur;dist]C  society,  as  we  are 
tor.d  of  saving,  keeping  the  process  open  to  reveal  those  issues  js 
important.  '  * 

There  jie  manv  (orum^  toda>  in  which  private  (4li/.en5  wd  Gov^ 
ernment  officiaU  are  gettm^  together  to  develop  somj  kind  of  long 
rangt"  conben^us.  An  interesting  di.^cussion  at^the  Carneffie  Corp.  a 
few  weeks  ago  involved  a  broad  >pectrum  of  people  discussing  ^u- 
cation  for  an  economic  strategy. 

The  Brookings  Institution,  I  notice,  js  albo  having  a  conference  of 
the  same  caliber.  Those  groups  are  not  going  to  tell  Ui>  what  to  do 
Thoic  groups  are  going  to  tell  us  what  we  have  all  decided  already 
They  are  part  of  a  consensus-forming  process. 

It\s  important  for  the  Foundation  and  the  Board  t^  use  their  ex- 
tensive roots.into  the  scientific  conimunit>  to  he  atert  ('or  eiirl>  .lig 
nals  ol' changett  in  opportunitieb  arising  from  new  intellecmal  ac 
tivitics.  and  to  take  a  leadership  rol<?  in  trying  to  bring  forth  a 
dialog  even  if  the  action**  needed  are  not'actions  required  of  the 
National  Science  Foundation,  ■  ' 

That  is  something  that  Herbert  Doan,  who  until  last  year  was 
vice  chairman  of  the  National  Science  Board  and  former  president 
of  Dow  Chemical  Co.,  nlways  advocated,  agencies  likp  NSF  and  the 
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.shuLilii  iJu  u  Intti'i  jol)  thjti  thi^v  cti>  in  articulating  these  ux- 
^inipK's  mitl  bnii^iti)^  ilic^ni  forth. 
The  Board  is  trying?  to  do. 

Mr.  MiNETA.  Dr.  Braiiucymb*  in  laut  >var'i^  hearings  I  believe  it 
vta.s  Dr,  Kt*y\vurth  wiio  inuntiuned  that  bii^ic  rebearcli  wab  very 
hi-aith>.  Yet  thi.s  ^ear  we  utJi-  an  IS-prrLvnt  increase  in  basic  le- 
t>t,«ai  th.  It>  thiit  at  the  c^xikiim'  of  \\hai  we  uu^jht  to  be  doing  in  ap- 
plied research?  x> 

Dr.  Brans(  umii  The  Board,  in  .stru^^hu^  vvith  the  distinction  be- 
twtftfii  ba.sjc  and  applied  reseaKli,  concluded  a  couple  of  years^  ago 
that»  ab  coiiveiitiunall>  u.sed,  the  distinction  iu  uften  not  helpful 
The  Board  said,  in  ellect.  the  criteria  we  vtant  to  use  for  determin- 
ing the  apprupriate  IvintI  uf  l  e^earch  fur  Foundation  support  is  this, 
it  must  be  reseauh  uf  high  quality,  competitive,  reviewed  by  peers, 
and  iiive&tigator  initiated  'I  hat  fits  NSFs  appropriate  role.  And 
when  NSF  meti.sure^  quality,  it  will  u&e  twu  yardsticks  at  the  same 
time. 

One  >ardi>tick  lu,  the  intrin^c  merit  of  tho  science  from  an  intel- 
li'ctual  puitil  of  view.  What  is  its  prupensity  for  changing  ideas 
about  the  world  in  a  fundamental  way? 

The  seLund  vardi^ti^^k  1^  tile  Ukelihoud  uf  the  r^earch  having 
practii^al  \alue  either  in  the  distant  fuluie,  perhap^  great  value* 
but  a  lung  time  uff,  ur.  in  the  near  term,  an  almost  immediate 
v;ilue. 

NSF  due.s  nut  duwn^irude  the  research  it  wuutd  support  because 
the  ies<.^arch  is  useful.  IIa\int;  iiaid  that.  I^also  must  say  a  great 
deal  of  the  Fuundatiun  uuppurted  le&eaub  is  of  gix*at  and  Immedi- 
ate use. 

Take  fur  example,  research  in  the  mateiiais  scieneeu— ceramics^ 
puljmer.s.  magnetic  niaveriaks,  and  so  forth^wher*  guud  fundamen- 
tal work  can  be  done  and  quickl>  Um^  in  industry.  Those  areas  do 
nut  get  perhaps  a.s  broad  funding  they  would  if  the  budget  as  a 
whole  were  muie  geiieious^  but  the>  are  cowred  And  NSF  has  a 
guud  balance  between  the  area  of  hit;he.st  intrinsic  \alue^perhaps 
cu&molugj  ui  high  tnerg>  phj&ics  wuuld  be  an  example — and  those 
of  great  extrinsic  value  like  materials  engineering. 

But.  if  by  applied  re.s^arch  >uu  mean  prublem-suh ing  research 
aimed  at  a  pra^^tical  gcal^which  muijt  sut\i\e  an  economic  test,  I 
dun't  think  either  the  tJuvernmenl  nt  the  uiii\eri>itjes  are  good  at 
that  tabk  It  bhuuld  be  left,  tu  the  pri\ate  sector.  Instead,  NSF 
^huuld  fuster  the  relatiunbhip  bctweeii  the  private  sector  and  uni- 
versities. 

Mn  MiNKTA.  Even  in  the  private  uector,  if  it  ib  a  low  yield,  high 
riijk.  tht  pri\ati'  sectui  wouldn't  be  duin^  that  kind  of  applied  re- 
&e<irch,  .Mj  U  nKM.sure&  it  '^a  an  economic  sense  and  it  doesn't  meas- 
ure it  in  t<im&  of  the  value  that  might  be  derived  in  a  generic 
sense.  * 

Dr.  BUANscoMi).  I  don't  belie\e  that  is  so,  at  least  in  those  com- 
panies large  enuu^Ii  to  afford  research  taburaluries  as  distinct  from 
dcvelupinent  laboratories.  I  don't  view  my  jub  as  improving  the 
quarterly  profits  uf  the  IBM  Co.  In  fact,  my  job  is  to  make  them 
wurse.  since  m>  principal  emphasis  is  to  spend  mure  of  what  would 
have  been  profits  for  long-range,  strategic  objectives. 
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Mr.  MiNETA.  But  >uur  idea  is  vastl>  difTerent  from  a  lot  of  com- 
panies where  once  thu  growth  rtv^ipts  start  dropping,  they  also 
reduce  the  amount  of  mune>  in  R&D,  whereas  the>  really  ought  to 
be  able  to  try  to  keep  a  constant  amount  in  research  and  develop- 
ment 

Dr.  Branscomb.  That  is  a  mixed  bag.  One  of  my  competitors. 
Digital  Equipment^  had  a  poor  fourth  quarter  and  increased  itb 
budget  in  research.  That  is  not  at  all  unusuaL 

Mr.  MiNETA.  That  is  the  anecdote  people  can  point  to  in  terms  of 
an  exception.  Generdll>>  an  executive  ofricer  of  a  company,  once  he 
or  she  sees  these  figures  starting  to  drop,  will  then  start  redirect- 
ing the  resources. 

As  an  example^  one  you  just  mentioned^  Dr.  Knapp,  about  nitro- 
gen nodules>  I  am  just  wondering  to  what  »xtent  do  fertilizer  com 
panies  get  concerned  about  alt  oT  a  sudden  the  redistribution,  lets 
say,  of  nitrogen.  I  don't  know.  I  just  use  that  because  you  use  that 
as  an  example  of  a  big  breakthrough. 

Dr.  Knapp.  The  research  has  not  reached  that  point  yet.  It  is  just 
the  start  of  a  lung  train  of  applied  research.  Babic  research  must  be 
dune  in  urder  for  us  to  understand  these  processes  and  be  able  to 
en^jineer  plants.  The  fertilizer  companies  do  not  need  to  be  worried 
yet. 

On  the  uther  hand,  if  corporations  in  the  agricultural  business 
could  look  far  enough  ahead,  they  would*realize  that  they  should 
have  research  programs  in  these  areas  so  at  least  they  will  be  able 
to  understand  the  ramifications  for  their  companies.  Some  do.  I 
don't  know  the  field  well, 

Mr.  MiNETA.  Will  NSF  support  applied  research  in  fiscal  year 
1984j  and  how  much? 

Dr.  Knapp.  As  Dr.  Branscomb  said>  NSF  doesn*t  distinguish  be* 
tween  basic  and  applied  research.  Of  the  proposals  received  from 
universities^  a  certam  percentage^  are  for  applied  research  projects. 
These  applied  research  projects  fare  as  well  as  the  basic  research 
projects  in  the  peer  review  process. 

NSF  is  not  a  mission  agency  in  the  sense  that  it  has  specific 
goals  and  it  supports  specific  research  to  specific  ends.  However, 
much  of  the  Engineering  Directorate's  funding  supports  what  could 
be  called  applied  research.  The  submicron  facility  at  Cornell  Uni- 
versity does  the  most  fundamental  studies  in  how  to  make  semicon^ 
ductor  devices,  in  a  sense,  it  is  applied  research. 

Mr.  MiNETA.  My  5  minutes  are  about  to  be  up. 

The  chairman  has  been  very  generous  and  I  appreciate  again 
lour  adding  to  my  understanding  of  what  we  have  to  deal  with 
here  in  the  Science  and  Technology  Committee*  Thank  you  very 
much.  Thank  you,  Mr.  Chairman. 

Mr.  Waloken.  Thank  you,  Mn  Mineta. 

if  I  could  just  tuuch  on  a  couple  of  things  quickly.  We  have  gone 
on  and  I  don*t  want  to  unduly  delay  you>  and  we  have  further  wit- 
nesses. 

It  is  niy  undestanding  that  the  Qongress  has  approached  the  NSF 
budget  with  respect  to  applied  versus  basic  research^  and  that  at 
least  in  terms  of  our  trying  to  understand  what  is  happening  to  the 
taxpayers'  money,  we  have  made  the  distinction. 

Dr.  Knap?.  Yes. 
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Mr  WAix;itKN  If  you  take  the  position  that  you  do  not  distin- 
gui&li  bt■t^^t■t■Ji  up|yh<-d  *itid  ba&k  ret>ear(^h,  that  may  be  a  proper  ap- 
proach at  thib  point.  If  it  it>,  1  would  think  that  the  Congress  would 
deserve  a  ver>  clear  gtatem^^nt  so  that  we  can  understand  that 
these  moneys  are  being  spent  in  a  way  we  approve  of. 

When  you  foldt^d  tht?  international  programs  into  the  other  direc- 
toratCis"  efforts  <ind  when  >ou  move  a^^a>  from  the  women  and  mi- 
norit>  programs,  b^mehow  or  another  you  are  going  to  have  to  re- 
place those  distinction^  with  something  we  can  follow  and  track. 

Dr  Knapr  We  do  so  with  applied  research.  We  do  not  distin- 
gujbh  ^^hen  ^^e  rect*i\t*  propo:^lb  and  wht;n  decide  to  fund  them, 
but  we  carefully  categorize  the  resegrch  that  we  do  fund  as  to 
whether  it  is  applied  research  or  basic  research.  The  definition 
uijud  i!s  the  same  acrob&  the  entire  Government  to  determine  what 
is  basic  research  and  what  is  applied  research. 

We  have  detailed  numbers  on  what  fraction  of  NSFs  budget  in 
each  directorate  bupport^i  applied  research  and  what  fraction  buP- 
ports  basic  research.  The  Congress  doe^  get  a  reporting  of  exactly 
what  is  funded  and  what  NSF    doing  in  these  fields. 

Dr  BuANbcoMB.  I  should  correct  my  earlier  statement.  I  said  we 
don't  distinguish,  but  tlie  Director  is  absolutely  correct.  NSF  does 
distinguish  and  it  measures  and  tracks  and  it  can  report.  The  im- 
portant iijbut*  is  Jhat  NSF  doesn't  make  that  distinction  in  evaluat- 
ing the  merit  of  (proposals. 

NSF  manages  it  so  that  each  discipline  covers  the  full  spectrum 
ranging  from  basic  to  applitjd  research.  But  I  would  urge  you  to  be 
realistic  about  the  nature  of  that  distinction.  You  will  find  most 
companies  don't  mak^  that  distinction  in  their  corporate  laborato- 
ries That  is  because  they  think  everything  they  fund  is  useful. 
They  wouldn't  fund  it  at  all  if  they  didn*t  think  it  was  useful.  They 
think  some  long  iange,  high  risk  projects*  are  useful  because  they 
have  high  potential  payouts.  Short  range  projects  of  low  risk  and 
known  payout  are  also  useful.  Therefore,  at  the  margin  of  that 
definition  between  basic  and  applied  research,  you  can't  really 
expect  much  precision. 

For  example,  earthquake  engineering,  earthquake  hazard  mitiga- 
tion* is  a  splendid  example  of  applied  research.  The  benefit  you  are 
tr>ing  to  achje\e  \o  clear,  and  a  Coordinated  interdisciplinary  pro- 
gram is  set  up  to  achieve  an  objective  with  a  planned  way  do  so. 
We  dot  of  course,  continue  to  support  goal-oriented  intardisoiplin* 
ary  work  in  the  Foundation.  It  is  all  explicitly  available  to  you  for 
review. 

Mr.  Waixiuen.  As  I  understood  Mr.  Mineta*s  interest,  it  was  to 
Identif)  the  research  as  applied  versus  basic,  and  that  you  do  have 
information  to  that  effect. 

Drr  Knait.  Yes. 

Dr.  Bkanscomb.  But  I  would  plead  with  you  not  to  interpret  our 
answer  on  basic  research  as  of  on  interest  to  industry.  And  I  would 
plead  with  >ou  not  to  assume  that  applied  research  doesn't  have 
fundamental  intellectual  value.  As  the  Foundation  is  managed 
today,  the  answer  to  both  questions  is  yes  and  sometimes. 

Mr  Walgken.  We  certainly  respect  your  ability  to  make  the 
proper  judgment  of  what  the  right  research  is  to  fund.  What  we 
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require  is>  a  wa>  io  vMiluaiv  vour  judgment  alonfjf  that  Hne  This 
applied,  versus  basic  distinction,  goes  to  that  point. 
'  Let  me  ask  on  social  ^sciencos.  Dr.  Branscomb,  social  and  math, 
on  page  4  of  your  testimony  >ou  note  that  mathematics,  the  field 
has  been  neglected  for  a  number  of  years. 

You  make  the  sam^^  point  with  the  social  sciences.  Could  you  de- 
^scribe  the  neglect  of  th«  s,ocial  sciences  over  the  last  several  years? 

Dr.  Branscomb.  Let  me  have  a  moment  to  find  that  particular 
remark  in  my  te^stimony  because  it  carefully  worded.  I  said  the 
field  of  mathematics  had  bef^n  neglected.  By  that  I  meant  that  too 
many  of  us  un  the  Board  and  elsewhere  assumed  that  because 
mathematicians  didn't  use  equipment-  mathematicians,  mostly 
think  about  pencils  and  paper— perhaps  we  should  think  of  them  a 
littk  more  like  historians  in  the  sense  that  they  can  do  their  work 
without  a  great  deal  of  Federal  attention. 

I  think  that  judgment  ii*  wrong  because  we  in  effect  underesti- 
mated the  injportante  of  rt-search  support  as  a  means  of  attracting 
able^>oung  students  and  financing  their  graduate  educations  So  1 
k*vl  the  field  of  mathematics  has  been  allowed  to  dwindle  and 
shouldn't  bw.  And  1  said  the  vitality  of  the  field  has  suffered  and 
needs  some  rebuilding. 

So,  toot  do  selected  ar^^as  in  social  sciences,  they  need  rebuilding; 
it  is  ihe  rebuilding  I  am  speaking  of. 

Mr.  WALGRbN.  Could  you  describe  the  rebuilding  of  social  sci- 
ences need  at  this  point? 

Dr*  Bkanscomh.  In  the  budget  reduction  of  the  previous  year,  a 
lot  of  excellent  work  had  to  be  given  up.  The  Board  s  view  is  that  it 
shouldn't  suj^port  research  in  every  kind  of  social  science  or  every 
project.  But  the  Foundcitton  has  had,  over  the  years,  an  important 
and  constructive  role  in  the  development  of  the  social  sciences, 
most  especially  helping  tht^m  to  become  more  Ciuantitative,  more 
experimental^  more  verifiable,  more  predictive  sciences. 

To  the  extent  NSF  has  been  able  to  do  so,  that  is  of  great  value 
to  the  country,  particularly  as  the  social  sciences  increasingly  con- 
tribute to  productivity  in  the  service  sector.  NSF  gave  special  em- 
phasi5>  let  me  say,  to  the  preservation  of  the  major  data  collections 
and  their  further  evolution  because  those  data  collections  play  a 
critical  role  in  the  evolution  of  sDclai  sciences  as  experimental  dis- 
ciplines. Some  of  those  investments  had  been  reduced  even  though 
NSF  kept  them  in  a  high  priority,  they  needed  soine  expansion 

Let  me  make  one  other  comment.  There  are  art^as  that  are  by 
convention  called  social  science,  psychology*  for  example  Some 
parts  psycholo^  have  a  direct  and  immediate  bearing  on  impor- 
tant areas  of  industry.  Take  human  factors  of  computer  systeiis, 
for  evample.  Eighty  Ph.  D.  psychologists  in  my  company  work  in 
that  area,  but  there  is  no  good  methodology  whereby  the  design  of 
an  easy-to-use  computer  program  can  be  computed  in  advance  If 
anybody  knew  how  to  do  that,  it  would  have  great  economic  bene- 
fits. 

So  there  are  fields  of  social  science— I  have  picked  only  one  ex- 
ample—that have  practical  value  and  relatively  immediate  payoff 
They  deserve  as  much  priority,  in  my  view,  as  the  physical  sci- 
ences. 
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Mt  WAJAiitKN  Wifw  jrc  tu  judt^e  whether  they  are  receiving 
the  \)ro\)K'i  pJiuntv?  I'hjijj  uno  view  the  bucial  scieneeb  touk  a  much 
deeper  cut  than  dul  the  t*theJ  ^  and  then  when  tifne  fur  re^tuiation 
ui  btR'ngth  comes  back,  the>  partieipate  unl>  un  average,  and  even 
that  ib  an  aM'rage  amon^  di:^cjphnebi  iu  the  i>ame  degree  as  the 
uthers.  We  are  faced,  therefore^  viith  a  bharp  diminution  of  com- 
parati\e  efiurt.  Nuw,  how  can  NST  and  the  Board  assure  the  Con- 
grebh,  or  pruve  to  the  Con^^re^^,  not  jast  assure— I  think  it  must  go 
beyotid  absurance  -how  khu  >ou  demonstrate  that  the  areab  that, 
a:?  >ou  eite  should  ha\e  as  much  priority  as  the  others,  are  in  fact 
being  given  that  recognition? 

Dr.  BltANScuMB  On  the  broad  pen>peetive  of  phybical  scienees 
\ersU!5  botial  ^lenLefa,  it  worth  obt>er\ini^  that  the  emphasis  that 
the  Boaril  put  on  uh>!5it.al  iiLieneeiJ  and  engineei ini;*  beginning  back 
in  VM),  wab  in  jMrt  a  conbt^iuena*  of  observing  that  during  the 
late  VMi)\  boeial  ^vier  ceb  re^eareh  .supported  b>  the  government  as 
a  whole  grew  bubbtantiall>  faster  than  did  the  phytiital  bciences.  At 
lea.st  the  data  I  have  jjeen  suggests  that  is  bO.  Now  there  ib  a  high 
pnurit>  attached  to  .the  phy^cat  hclenceb*  But  you  are  trorrect 
alxjut  tlie  severity  of  the  retrenchment  and  the  need  to  redrew  it. 

I  would  m<ike  only  one  observation  about  the  uudget  increases  in 
the  fiscal  >eai  1%  J  budget.  F*or  nviA  of  the  disciplinei>  of  an  **xperi 
mt^ntal  (.luuaeter,  NSF  has  put  in  large  increabes  t>  provide  the 
money  for  equipment. 

The  ratiL>  of  the  equipment  requirementi>  in  the  social  bciencesto 
those  in  the  physical  ^cieneeb  lower.  Dr.  Kilapp  will  have  to  give 
>uu  ^pecifictj,  but  my  impi^ssion  i^  that  the  amount  of  iiicremeiitdl 
re^ear^h  effort  that  a  given  peixrenta^^e  increase  in  the  budget  can 
bu)  in  fifetal  year  li)H4  in  the  social  wjiencejs  ib  probably  greater 
than  in  the  phy^ic^jl  ^cit^nee^  *ind  en^^inccring  where  a  significant 
part  of  that  growth  must  be  reserved  for  equipment. 

Mr.  Walukkn.  If  I  couldi  could  we  ask  bomebody  in  your  organi- 
zation. Dr.  Knapp,  to  make  exactly  that  analy^fis? 

Dr.  Knapp.  Yes.  We  will  supply  it. 

Mr.  WAUHtKN.  Particularly  with  respect  to  p*i.st  budget  years, 
perhaps  pick  the  last  year.  I^ts  ^ee  jubt  what  exactly  the  instru- 
mentational  need^  of,  let'^  bay^  the  math  and  thi  phyi>iLal  bciences 
Were,  and  those  that  were  addressed  the  Foundation,  \er!5Us  the 
nonmstramentation  ne^-ds  su  that  we  uin  Li^mpare  the  actual  un- 
derlying intellectual  elTort  made  in  both  thoi>e  areas. 

^Could  we  do  that? 

Dr-  Knapp.  Yes. 

|The  information  follows:) 


DISTRIBUTION  OF  DIRECT  COSTS  IN  RESEARCH  AWARDS 

FY  1982 

PERCENT  OF  TOTAL  BUDGET 
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fluent  m  H'ntMuh  ^r^itit^^  tmitrj-L^l  kn  lUtr  iiiiillamiUi^aL  l^nJ  p1i>mlliI  M.^t  iui'^  t\nd  in 

1I>.'^1  ond  l'}^'^  In  Ou  MXiaL  ond  t^^a^^nui  ^it'n^t^s^  t'ijujpnient  iiLdkt^  vip  a 
iiurnv^iil*'  itiftUhn  of  dirt-i-t  *,o*ts  oJ  *i\\afd>  Cc>stb  f^jr  .it^moj  purbudnul  m  the  ^yi^ial 
t*toji<*njK  stit^m<'^,  h<mt^(^r.  <'^(.rt-<i  '2'*  pt^rccnt  of  >uch  tuvard^ 

Ml".  WAUiitEM.  On  anothor  Mibjec't,  I  know  lhati  Dr.  Knapp.  in 
>wuf  prt'bt-ntsitiun  you.  uitLn  *.aiofull>  ^^^{roi^att^  >oiir  pivisentotion 
tu  NSF'^  lolc  iii^^rajuuto^  anj  thc^n  to  precullet^L'  a  &oqiience^ 
111  ilonnini^  NSF  b  rok^  I  wuuld  like  to  abk  liow  ihat  emphabis^in 
contMbt  tu  that.  Dr.  Braniicunib  layb  uut  a  sumt^what  broader  role 
of  Ihe  principal  functions  of  NSF. 

In  particular^  on  page*  of  hib  sta^em^nt  he  b^iyb  that,  rerogni/t?b 
ihv  role*  to  "tni.ourat;o  the  highest  qu^ility  of  education  in  bcientinc 
and  engineering  rebearch  and  practice." 

What  I  would  like  to  aisk  iis  the  de^^ree  of  receptivonei^b  in  your 
\  tew  ab  Director  of  NSF  to  the  thrubt  of  thib  bill  vvhich  the  Science 
and  Ttchnc>bgy  Committee  marked  up  labt  week.  Pari  of  H.R.  1310 
a^k  the  NSF  to  provide  educatic»nal  programb  for  technician  train- 
ing. This  ib  in  \iew  of  the  fact  that  in  termb  of  establishing  the  ef- 
fectivenebJ  of  engineering  practice  in  oui  society  we  are  at  a  time 
vvhen  the  national  interest  clearly  requires  the  development  of 
broad-based  technician  capability. 

Ab  you  know,  in  ILR.  KUO  we  provide  on  a  matching  grant  basis 
for  the  NSF  to  engage  in  mc>del  technician  training  programs 
through  the  community  colleges.  I  note  the  fact  that  vuar  btate- 
ment  doeb  not  really  address  that  level  of  NSF'b  involvement. 

I  would  like  to  ask  the  receptivity  of  NSF  for  that  thrust. 

Dr.  Knapp.  I  would  i^ay  that  in  many  ways  the  problem  could  be 
chaiacteri^ed  ab  simitar  to  the  precollege  pnjgram.  It  is  a  problem 
vi  curriculum,  perhap.s  curriculum  development,  in  the  training  of 
u^ichers  in  eommunitv  collLi;es  for  technician  training  programs  in 
the  basic  sciences. 

The  Foundation  would  be  receptive  to  working  out  fjrograms  of 
that  kind,  as  it  has  done  previously  in  precollege  education. 

Mr.  Waluren  I  appreciate  that  very  much.  Just  as  Mr.  Brown  is 
not  above  a  partisan  comment  from  tmie  to  time,  I  just  would  pro- 
pose the  following;.  Going  back  to  our  pre\ious  discussion  of  the 
effort  in  science  education,  and  the  \iew  that  somehow  or  rther 
thib  had  dwindled  through  the  1970s,  and  w  came  up  to  a  point 
when  it  was  so  fragmented  that  it  had  to  bt  et^ntic?Ily  terminated 
in  order  to  be  set  right. 

I  had  two  thoughts  that  I  ought  to  throw  out.  One  is  that  the 
degree  of  dwindling  is  not  absolute.  We  were  at  $80.6  million  in 
1!)81,  in  actual  expenditures  in  that  area.  We  had  hit  a  high  of 
$150  million  sometime  during  the  mid-lflTO's. 

So  whenVhis  function  was  essentially  zeroed  out»  it  had  o^!/ 
dwindled  less  than  about  one-half  of  its  maximum  efibrt,  I  also 
question  whether  it  is  valid  crititism  of  the  program  that  it  was 
fragmented^  because  that  tharai^terization  also  applies  to  the  other 
programs  that  the  National  Science  Foundation  Carries  out. 

I  found  when  that  attack  was  made  that  there  must  -well,  that 
that  was  not  sufficient  justification  for  turning  away  from  a  pro^ 
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gram.  lit  jxtttuuKtir  in  iW  math  and  physical  sciences,  we  liave  43 
bepttrale  prD^Kunn^  In  riifiliu'i'riiig,  we  haVe  21.  In  astronomical 
and  atmDbpliotiL,  wv  lia\e  28.  in  bCienCt^  eduuition,  we  had— how 
many?— 27>  or  thereabouU, 

So  I  just  don't  like,  or  don't  want  to  be  silent  in  any  way  when 
the  thought  h  expresbed  that  sonwhow  vr  other  there  was  not  a 
vti>  abrupt  change  in  the  afiproach  that  A^e  took  as  a  Government 
toward  science  education  in  ^981, 

Dr  BiUNscOML.  I  would  say  unly  that  there  is  a  difTerence  be- 
tween  explanation  and  ad\t)tat'>.  In  mv  Lomment;>  on  that  subject, 
I  have  been  tryipg  ti)  explain  what  happened,  not  advocate  it. 

It  is  in  tht^  interest  of  the  country  to  sev  what  is  now  emerging 
ab  a  consensus  to  thib  issue.  To  take  full  advantage  of  the  consen- 
sus, we  will  be  well  served  by  not  focusing  on  1080-81,  Lets  focus 
on  lS)88-84, 

In  that  spirit;  I  certainly  don't  contest  your  comment  Many  of 
tht^  programs  in  plact^  in  1!)80-8I  obviously  were  helpful  and 
useful,  tlie  Summer  Institutes  were  an  example  of  a  program  that 
rtathed  a  ^sufficiently  large  fraction  of , the  teachers  in  particular 
dj^^ipliiie^.  Th.d  program  really  did  cover  thp  country.  It  undoubt- 
edly helped  a  lut  ty  make  tilings  better  than  they  would  have  been. 
But  i>omLho\\  I  think  we  ^vere  all  under  the  illusion  that  we  were 
solving  the  problem  when  tjie  problem  was  getting  worse, 
"  In  that  sense,  I  think  the  need  for  a  fresh  consensus  and  fresh 
look  through  a  body  like  the  Commission  was  in  order,  I  take  con- 
siderable satisfaction  in  the  existence  of  the  qew  consensus, 

Mr,  Brov^tn,  Mr:  Chairman, 

Mr,  WALGREN,'Mr,  Brown, 

Mr,  Brown  Could  I  have  just  another  minute  or  two  to  explore 
another  issue? 
Ml,  Walgren,  Yes, 

Mr  Brown,  F'irst,  let  me  concur  with  the  expression  you  just, 
made,  Dr,  Branscomb^  There  is  no  real  point  in  belaboring  1981 
and  1J)82  when  we  can  emerge  into  a  fresh  start  here, 

I  want  to  follow  up  just  briefly  on  the  comment  that  Mr,  Mineta 
made  which  ht  referred  tu  the  need  to  take  longer  range  looks  at 
some  of  these  policy  issues  and  the  manpower  issue  is  one. 

There  are  similar  issue±>.  This  ij^  not  a  new  matter  for  the  com- 
mittee, as  you  know,  Mr,  Mineta  will  find  out  fairly  quickly  the 
backgrouncf  of  man>  >ears  that  we  have  spent  belaboring  this  ques- 
tion. As  you  know>  the  Science  Polic>  Act  of  1976  made  some  effort 
to  addresij  this  through  the  Requirement  for  -j-year  outlook  in  sci- 
ence, and  liume  related  kinds  of  policy  directions  were  written  into 
the  act, 

I  still  feel  vve  have  a  useful  structure  here,  but  one  that  has  not 
been  full>  implemented  or  exploited,  A  large  part  of  that  responsi- 
bilit>  has  been  laid  off  on  you,  Dr,  Knapp>  in  your  role  as  NSF  Di- 
rector b>  delegation  from  the  Science  Adviser,  as  I  understand  it, 

Now>  I  i*till  believe  that  a  good  part  of  our  problem  here^  and  it 
hds  been  expressed  b>  several  members*  is  the  lack  of  a  coherent 
poIic>  guidance  structure  which  inherently  doesn't  seem  to  come 
too  well  from  Presidents  tir  Congress  as  a  whole  or  individual  Mem- 
bers of  Congress  because  of  the  changeable  and  political  nature  of 
their  role. 
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There  nmU  io  be  an  institutional  commitment  to  a  certain 
amount  uf  lon^  rLiii^ie  (juht>  foresight  which  needs— and  we  need  to 
strengthen  that- 

This  is  one  of  the  fundamental  areas  where  we  are  not  competi* 
ti\e  with  &ome  of  our  friendly  neighbors  in  other  countries*  and  in 
which  we  ou^ht  to  tr>  and  become  competitive  without  adopting 
the  evils>  of  their  s>>s>tem  of  too  much  guidance  of  the  free  enter- 
prise system  and  so  on. 

But  we  do  need  t-Micy  leadership^  and  we  need  to  haVe^that 
formulated.  Now*  I  would  suggest*  as  I  suggested  earlier  to  Y}r. 
Branbcomb  in  the  field  of  informatics,  or  computei  and  telecommu- 
niciition&*  that  the  .question  of  how  we  provide  overall  guidance  to 
science  and  technulogj  and  its  role  in  our  society,  the  interrelation- 
ships between  it  and^ducatiun,  and  between  industr>  and  universi- 
ties* the  subject  of  >  our  last  report*  could  perhaps  benefit  from  a  high 
level  examination  and  the  development  of  a  policy  posture  aimed  at 
building  on  what  is  already  in  the  law,  or  strengthening  it  or 
modifying  it  or  doing  whatever  eUe  might  be  dt;;sirable  here,  instt^ad 
of  floundering. 

I  v^ould  hope  that  in  some  constructive  way  the  Foundation  and 
the  Board  would  give  consideration  to  that.  Believe  me,  we  in  Con- 
gress underiitand  our  limitation^  in  terms  of  creating  long-range 
forecasts;  and  long-range  policy. 

We  need  an  institutional  structure  to  do  that.  We  haVe  such  con- 
fidence in  the  Foundation  and  the  Board  that  I  think  we  would 
look  with  agreat  deal  of  receptivit>  on  \our  approaching  that  prob- 
lem in  some  fashion  and  workmg  with  trie  Science  Adviser. 

If  it  requires  the  involvement  of  a  group  of  prestigious  nongov- 
ernmental people^  the  Commi^^sion  is  one  way  to  approach  that-  I 
think  it  would  be  worthwhile  for  you  to  at  least  give  that  some 
thought.  If  it  turns  out  that  it  is  a  critical  problem,  and  a  crisis 
develops  as  a  result  of  it,  you  know  what  Congress  will  do. 

We  will  shove  some  institutional  structure  down  your  throat.  It 
probably  wouldn't  be,  very  good.  We  will  ba>  we  have  responded  to 
"the  crisis. 

Reallyf  it  is  just  a  shot  in  the  arm,  may  not  have  much  perma- 
nent value  to  it.  Sct  I  commend  that  to  >our  consi-'eration  for  v.hat 
it  may.Pe  worth  as  a  possible  initiative. 

Dr.  Branscomb.  Mr-  Brown,  the  Board  has  debated  that  subject  a 
great  deal  in  the  last  year-  We  have  work  in  place  now  to  carO^  the 
debate  further.  We  are  aware  we  have  some  limitations*  too,  but 
we  don't  have  a  good  excuse  for  not  trying  to  overcome  them.  - 

I  think  the  Board  ha&  made  some  progres:^.  The  real  question  is 
getting  the  menu  for  this  meal  divided  into  an  appropriate  number 
of  courses  so  that  we  don't  try  to  eat  the  whole  menu  all  at  once. 

Mr-  BiiowN.  Sure. 

Dn  Branscomb.  But  the  Board  does  owe  you  a  better  job  than  it 
has  done  of  showing  you  how  the  pieces  fit  together.  That*s  diffi- 
cult. The  Board  has  done  a  stud>  in  the  field  of  university-industry 
relations-  We  sec  a  lot  of  d>namicfe  there.  We  are  going  to  do  an- 
other in  International  science. 

Its  not  clear  to  me  yet  how  we  will  show  you  the  relationship 
between  those  two  issues*  for  tsxample*  and  of  course  they  also 
relate  to  education  and  other  matters.  But  I  also  know  that  the  Di^ 
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rector  hijs  givc^i  llic*  s^iinc  UbUc*— how  can  we  do  a  better  job  of 
policy  anal^biis  on  our  own  vl  good  bit  of  thought.  We  will  certain* 
ly  take  your  advice  to  heart. 

Mr  Brown.  In  another  area,  agriculture,  which  >ou  referred  to^ 
it  will  he  a  part  of  my  role  as  chairman  of  the  appropriate  subcom- 
mittee there  to  look  at  the  institutions  of  agricultural  research 
during  the  next  2  years. 

What  we  find  in  almost  any  inf^titutional  framework  is  a  desire 
to  protect  the  institution  more  than, to  look  at  the  national  purpose 
for  which  the  institution  was  created. 

NFS  is  not  beyond  falling  into  that  ijame  traj).  It  would  be  unfor- 
tunate if  it  did>  because  it  was  created  to  serve  the  highest  inter- 
ests of  the  Nation.  I  think  we  would  all  like  to  see  it  fulfill  that 
goal. 

Mr.  Walgiien.  Thank  you,  Mr.  Brown.  Well,  thank  you  very 
much.  We  enjoyed  it. 
Dr.  Branscomb.  Thank  you,  Mr.  Chairman. 
Dr.  Knapp.  Thank  you. 

Mr.  Walgren.  The  next  witnesses  are  Jon  W.  Fuller,  the  presi- 
dent of  Great  Lakes  Colleges  Association,  and  Saul  Fenstei,  presi- 
dent of  the  New  Jersey  Institute  of  Te£:hnolog>.  I  want  to  apologize 
to  the  witnesses  for  having  extended  the  conversations  with  the 
people  just  preceding. 

But,  as  you  know,  we  don't  see  them  that  often  and  it's  imp6r* 
tant  to  try  to  give  all  the  members  a  chance  to  fully  develop  their 
lines  of  inquiry.  We  look  forward  to  your  testimony.  The  written 
testimony  will  be  made  a  part  of  the  record.  Please  summarize  or 
communicate  with  the  committee  as  best  as  you  see  fit.  * 

Let's  start  with  Drw  Fuller. 

STATEMENTS  OF  DR.  JON  \\\  FILLER.  PRESIDENT,  GREAT  LAKES 
COLLEGES  ASSOCIATION*  AND  SAUL  FENSTEK>  PRESIDENT, 
NEW  JERSEY  INSTITUTE  OF  TECHNOLOGY 

Dr.  Fuller-  Thank  you,  Mr,  Chairman.  I  appreciate  the  chance 
to  appear.  I  am  representing  the  12  colleges  that  make  up  the 
Great  Lakes  Colleges  Association  but  I  want  to  bpeak  more  broadly 
about  the  role  of  the  undergraduate  college  in  science  education.  I 
think  it  is  appropriate  that  undergraduate  education  has  the  spe- 
cial focus  of  a  separate  witness  becau^se^  frankly,  it  has  been  a  ne- 
glected part  of  the  continuum  of  sciencg  education  in  recent  years. 

These  are  institutions  with  a  vftry  high  productivity  of  teacha^ 
of  science  and  research  scientists.  I  was  pleaded  that  Dr,  Knapp,  in 
his  comments  this  morning,  referred  to  that  productivity.  I  would 
like,  Mr.  Chairman,  to  provide  for  the  record  a  recent  study  that 
documents  that. 

(The  information  follows:] 
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Tbf  ^n*^il^]^  Ldvt  t r jdx t  ton jLIv  and  consii>cont ly  been  hlt^lily  ^ 

l>roJuccivo  ot  j^Lodunts  utii^       oii  tQ         thvir  TlwD-  j4JF^rccs  In  tite  sciences, 
in  th*T  fv-'C  rtM.4'nt  t-*Ji:tt^J  /or  jiiicli  t-j  havt,  ^.it,it  ftf-iJuJCcs  Of  the  Associated 

continue  Co  receive  tL<>ir  I'h.D.  dvy^r^.^.^  iii  tlio  fh>*^lc-.-tI  dr^i  bi^loi^ical  sciences 
at  ratci  of  liiLrc.i\c  th.it  ccnpar^.  ^J^^^^Jt'lv       tlio^c  of  the  ttn  l^sadlng 
scurcctt  of  rti,t>.  doprt't's  and  *?lfht  K'-adtn;;  ctjUinlcal  scJiool^. 

AltUoufth  for  the  rr.&st  recent  [tcriQd»  X9JJ*30,  the  iiveraf^e  veatly  production 
for  aH'colU'ft<iis  W  uaUe^i^ttit^  In  our  *tkjdy  is  down  slightly  fron  the  nejtt 
™st  recent  period,  i9f>J-76,    all  in  thv*  erou&  *how  Increased  productlviO" 

tho  b.isc  ptifU  ',  1950- >9,    The  tvn  le.idinK  b.itcaJnkjrc^ite  sources  of 
docCcr,itvi>  increased  chvir  jver.iRv*  vosUl*  OMCf*uc  1A1,S  jutt  c*?nt  Jnd  elAhl  leading 
cechnicji  sch^^ols  b\  p*>r  i  <?nt ,  while  tltc  ACM  iollc*i^*  incrvasvd  their 

productivity  by  20^,2  Piit  cvnc  tind  the  CLCA  cdlvh^i  by  6^,9  per  cent. 


*  i 

1^jO-'>^  M^^urrs;     "Clijnv;*.^  in  It.icc.iliinr,MCe  Ori^^in-.  of  DoclOr;it*.s 

in  the  £ct**no.'s»"  Alb^.rt  S,  ^ti-w^irt*  Anti'>ch  CoU-isC,  Jiinyitty,  1967, 

and 

Doctor,tU-  jL^^Jf^  L;iiiE<.d  5:tcit<*>  Univeri^ititL.,  1920-1962t  Publication 

U^^t  N-iti^mal  Af,J.i^-^^'/T^  S<_iin*.ts  -  ^ivicionji  Rosfiarch  Council,  1963» 
Appendix  S, 

l%G-tth  nrurti;     DjCtorat*'  l^t^c  ij>  i>  nt  s  fron  I'nxttd  t;t,iCe,q  Un  Iver  sit  nja, 

1^^  1  t  li^ollc^cjon  l**ti"'t  ;itti^>ntl  Au.id^y  ol  ictcnrv**  M^shington» 
D,a,  l%7t  Appendix  6, 

l'^ti7-7*>  ft^^un^^;  l9J0-n  Dk^ctrr.itOF  bv  lijc4, jlaur^^ate  Institutions 

in  II  Doctotai  Ftcids,  ^  Tin^  IVrx&ds,''  unpubLi%h*fd  statistics  by 
tht  >,.ition,il  AcjdtnV  of  Srionri'S^  *VitSbin^^Con^  D*C,i  1977* 

1577-SO  flJ^ur^S^     ^-if  c  i?niui:f>Jto  OrtfUnh        Df^rroratc  t^priplpnts  tr<vin  t^'^r. 
t'njyersltiCi^^  l9?7-t9fit^«  D<iCtt>rato  R^-ctirds  FlU,  NjtJtonal  Rc<,e^rch 
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lyinitri^f  '.i.fj       Juf«-ri-A^i  bftuf^n  l*?^-fln  ^^^jriy  Jvc^r^i^of^  raiiflu-^  ijt'e  fr^ri'^t  Ct^lloft*  And  l'*^1>-59  >'£drlv  dv«T4e«4t 

I  ^1  T  «.iriknU   i  iV'    ^H■^TJ         1  ti:"stt^>^   JFt  Ht^t    JV,|    T  ^>>1.', 


f   II   -  ml,       T,                            Jt|i4       ""I 'J '.wit*  (A+'f  l^t*  *(  Tlh^l  l*Jti              '4"**   l'#T**^M  *T  Tts^   l^  t«, 
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Dr.  FuLLKH.  Despite  the  fact  that  these  undergraduate  institu- 
tiorib  have  pla>ed  an  important  role  in  producing  our  scientists  and 
our  teachers  of  science,  desjiite  the  fact  those  4  years  of  undergrad- 
uate education  are  a  crucial  time  where  students  make  career 
choices  to  follow  these  kinds  of  scientific  careers  that  are  so  impor 
tant,  we  have  not  found  the  kind  of  attention  from  the  NFS  or  Na- 
tional Science  Board  that  we  think  is  appropriate  to  this  part  of 
the  educational  continuum. 

As  I  listened  to  Dr.  Bi^nscomb  this  morning,  I  was  disappointed 
but  not  surprised  that  in  talking  about  science  education  for  a 
couple  of  hours  he  managed  to  talk  about  pre^oUege  edu&tion  and 
he  managed  to  talk  about  graduate  education,  and  not  once  did  he. 
mention  undergraduate  education. 

I  think  that  may  re%ct  the  fact  that  in  the  National  Science 
Board  membership  you  will  find  there  is  now  no  one  with  current, 
firsthand  experience  with  undergraduate  education  and  the  crucial 
role  it  plays.  That  may  be  reflected  in  the  fact  it  is  not  visible  in 
Dr.  Branscomb's  considerations. 

As  Dr.  Knapp  said  this  morning,  the  process  of  science  education 
is  a  continuum.  And  we  think  that  the  undergraduate  colleges 
have  an  important  role  to  play.  They  neec  some  kind  of  support  as 
part  of  the  Federal  effort  in  supporting  science  and  science  educa- 
tion. 

About  a  month  ago  we  brought  together  a  number  of  our  best 
science  faculty  members  and  spent  a  day  with  them.  I  am  basing 
my  testimony  really  on  what  they  told  me  in  that  day*s  conference 
about  the  kind  of  help  they  need  to  do  the  job  which  we  have  done 
in  the  past  and  which  we  need  to  continue  to  do. 

The  first  item  for  them  was  opportunities  for  research  for  under- 
graduate^ faculty.  First  of  all,  that  is  important  to  them  as  scien- 
tists, to  be  able  to  continue  active  research.  Second,  when  it  is  done 
by  undei^raduate  faculty,  it  inevitably  involves  undei^raduate  stu^ 
dents.^  That  is  part  of  the  process.  That  is  one  reason  for  the  high 
productivity  of  bcientists  from  these  institutions.  An  undergraduate 
who  gets  involved  in  first  line  research  at  that  point  in  his  career 
has  an  excitement  and  taste  for  science  that  simply  can*t  be 
matched  when  It  comes  later,  as  it  always  does,  as  part  of  the  grad- 
uate program.  We  think  that  is  one  of  the  keys. 

There  is  a  dorble  advantage  of  research  done  by  a  faculty 
member  at  a  predominantly  undergraduate  institution  because  the 
student  receives  a  kind  of  educational  advantage  at  that  level  at 
the  same  time  the  research  itself  is  done. 

We  find  Dr.  Knapp  seems  to  understand  that,  both  in  conference 
with  him  and  m  his  testimony.  We  are  pleased  by  that.  We  have 
suggested  that  some  kind  of  a  small  setaside  may  be  essential  to 
assure  that  the  research  proposals  that  come  from  undergraduate 
faculty  members  have  a  fair  hearing,  the  setaside  serving  simply  as 
a  standard  that  we  are  getting  an  appropriate  level  of  attention  at 
this  level. 

It  may  be  that  the  undergraduate  college  research  support  pro- 
grams  Dr.  Knapp  is  proposing  this  year  will  function  in  those  ways, 
a  small  setaside.  The  full  outline  is  not  clear  yet.  We  would  like  to 
suggest  that  we  need  at  least  some  kind  of  standard  that  will  say 
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utidergradujU'  J\uLjlt>  art'  not  ruitjlected  in  this>  reseach  funding 
process. 

Second,  our  facult>  members>  need  regular  opportunities  for  pro- 
fessional renewal  In  a  small  collt^i^  thtjy  inevitably  teach  a  broad- 
er range  pf  cfourses  than  in  the  case  of  a  mgjor  university*  They 
need  a  chance  to  fill  in  not  only  their  knowledge  of  their  own  area 
of  i>iR'ciatization  and  res>earch,  but  also  the  other  areas  they  teach. 

There  have  been  some  useful  programs  in  the  past  at  the  NFS 
such  as  ihv  science  facult>  fellowi>hipi>.  We  think  that  something  of 
that  sort  is  going  to  be  needed.  It  appears  that,  agjin^  this  new  un- 
dergraduate college  research  support  program  will  include  some  of 
those  etementb^  We  think  the  proposed  fundiiig  level  of  $3  million 
is  probably  considerably  too  low  given  the  need  there,  but  we  do 
appreciate  at  leabt  a  recognition  from  the  Foundaiiun  that  this  is 
important. 

Third,  our  people  tell  us  one  of  their  important  needs  is  instru- 
mentation for  instruction.  The  Foundation  has>  appropriately  come 
up  with  a  very  large  increase  in  instrumentation  support  but  it  is 
all  defined  at?  robearch  support.  Particularly  the  predominantly  un- 
der^'raduatt^  college  needs  a  chance  to  acquire  some  equipment 
which  will  be  used  primarily  for  instruction  and  will  not  have  a 
role  in  the  research  of  particular  faculty  members  there* 

We  would 'hope  you  would  include  that  and  keep  it  in  mind  as 
you  talk  about  the  total  instrumentation  program.  One  kind  ot 
equipment  in  a  category  by  ityelf,  as  you  will  understand,  is  com- 
puting equipment.  One  of  the  problems  we  have  in  dealing  with 
the  instrumentation  s>uppurt  we  can  presently  get  from  the  NFS  for 
computing  equipment  is  that  its  application,  particularly  with  the 
undiergraduate  college*  cuts  across  almost  every  discipline. 

The  Foundation  tends>  to  receive  and  judge  its  proposals  in  terms 
of  particular  dibciplinei>.  We  think  a  different  focus^  is  needed  when 
we  talk  about  computing  and  s>upport  for  computing  equipment  at 
the  undergraduate  level  for  many  disciplines- 

Finally^  we  think  there  is  a  need  for  periodic  review  at  the  un- 
dergraduate level,  as  svell  the  graduate  leveU  in  the  methods  of 
teaching  science.  In  particular,  I  would  sugges>t  to  you  we  need  to 
have  ^ome  programi>  that  will  help  us  in  bridging  ^ome  of  the  dibci- 
plinary  boundaries  which  are  cut  apart  at  the  Federal  level  as 
much  as  they  are  at  the  university  and  college  level. 

When  we  want  to  talk  about  the  general  ibsue  of  technological 
litcTutj  leading  Ur  a  pupulation  that  can  cope  with  the  kind  of  soci^ 
ety  in  which  we  are  going  to  live,  that  involves  not  only  the  knowl- 
edge of  science  but  of  its  applicationi>  and  itb  ethical  implications— 
of  its  implications  for  the  kind  of  lives  we  live*  implications  for  our 
economy  and  our  political  system* 

We  would  sugtjebt  that,  for  example,  the  National  Science  Foun- 
dation and  the  National  Endowment  for  the  Humanities  might  be 
encouraged  to  fund  i>ome  collaborative  projects  that  would  deal 
with  those  much  broader  issues  which  we  think  are  important  in 
termb  of  public  understanding  of  science  and  the  role  it  is  going  to 
play  in  our  society. 

As  I  said,  we  are  very  appreciative  that  wr  have  in  the  Director 
of  the  Foundation*  nnall>,  i>omeone  who  donb  beem  to  understand 
the  role  of  the  undergraduate  college  and  some  of  its  s>pecial  needs- 
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Wl*  would  i>ii>|>iijit  that  what  ib  being  proposed  under  the  title  of 
Undurgradutiti^  Culk-Ko  KuhLMrch  Support"  \s  certainly  appropri- 
ate as      initial  response  to  thiy.  We  would  hope  that  it  might  be 
more  generously  funded  than  the  present  budget  provides. 

One  particular  point  about  the  program  is  unclear  in  the  materi 
ali>  avdilablc  from  the  Foundation  so  far.  Research  support  given  to 
undergraduate  faculty  members  should,  wherever  it  is  appropri- 
ate—and it  usually  is,  if  not  in  every  discipline,  in  a  great  many  of 
them— bt*  carried  uut  on  the  undergraduate  campus  and  not  re- 
quire the  facult>  member  tg  gg  to  some  other  laboratory  where  the 
btudentb  can't  go  along.  There  is  an  important  benefit  to  having 
the  ±>tudents  invohed  much^as  possible  in  that  faculty  member's 
research. 

We  ha\e  appreciated  the  support  that  this  cornmittee  has  given 
to  bcieiice  educatign  generdll>  and  an  understanding  on  the  part  of 
thib  committee  o\er  the  yean>  that  the  undergraduate  phase  of  the 
science  education  continuum  was  important.  We  have  regretted 
that  vve  ha\en"t  had  the  kind  of  responsiveness  in  the  National  Sci- 
L*ncc-  Board  and  the  National  Science  Foundation  that  we  think  is 
appropriate.  1  admit  I  am  concerned  that  Dr.  Knapp  may  find  him- 
self feeling  a  little  lonely  with  his  special  concern  for  undergrade 
uate  colleges  as  he  deals  with  the  other  people  in  his  agency.  We 
hope  the  committee  will  continue  to  monitor  his  success  and  find 
ways  to  support  his  efforts  there. 

There. is  one  iitber  program  that  I  would  like  to  make  a  quick 
comment  about  It  is  not  likely  to  be  a  direct  help  to  most  of  the 
colleges  I  represent  but  it  is  important  in  terms  of  our  concern 
about  the  status  of  bcience  education  generally,  and  that  is  the  pre- 
college  teacher  improvement  in  science  and  mathematics,  the 
summer  workshops.  We  are  sorry  to  see  that  there  seems  to  be 
some  concern  on  the  Senate  side  about  the  proposal  for  the  fiscal 
year  1983  funding  for  this.  We  hope  that  can  be  resolved  because 
we  think  it  ii*  very  important  that  the  National  Science  Foundation 
have  a  central  role  in  addressing  the  problems  of  precollege  science 
education . 

Science  education  requires  the  active  involvement  of  scientists, 
and  the  Department  of  Education  can't  provide  that  They  can  ad- 
minister formula  grants  and  work  with  the  State  agencies,  but 
when  you  are  going  to  talk  about  the  content  of  those  institutes 
and  when  you  are  going  to  talk  about  deciding  which  are  the  best 
among  the  proposals,  you  need  the  expertise  that  comes  from  the 
National  Science  Foundation.  You  are  not  going  to  find  comparable 
expertise  in  the  Department  of  Education.  So  we  would  ui^e  you  to 
insist,  as  I  understand  you  already  have,  that  the  NSF  have  an 
active  role  in  that  phase  of  the  science  education  effort. 

I  appreciate  the  opportunity  to  appear  before  this  committee  and 
when  Dr.  Fenster  is  finished  I  v/ill  be  happy  to  respond  to  ques- 
tions. 

[The  prepared  statement  of  Dr.  Fuller  follows:] 


Mr.  Chan-m^ru 

I  am  pIctistKl  to  }mve  been  invited  to  ap^or  before  thi^  committee  03  you  consider 
the  fj^gal  >ear  193^  autriorizatwn  for  the  National  Scieiiee  Foundation,    In  appearing 
here  today*  I  am  representing  the  tv^cKe  unJergraduiite  Liberal       colleges  wJiieb  are 
members  of  ihe  Great  Lwkcs  Colleges  A^eiation**    These  institutions  are  t>roud  of 
tbeir  past  reeord  and  their  continuing  role     produeing  re^eareh  ^icntists  and  teae^ers 
of  science       our  n^it^on^   The  contrtbutjons  of  these  institutions  \n  terms  of  high 
quality  of  their  ^AJuAies  ai&y  be  even  tnore  important  than  their  dcmonstraied 
pr^J^iv't u i ty  in  nunbers»    At  Tht;  onJergraJuate  level  ihc  apprentice-nentor  re- 
1  jt  loriship*  trfhurh       the     it  tay  for  youiig  scientists  to  igam  about  seienee* 
1^  do^t  lil^tlL  to  ,>..cur  Jt  the  unJersrjJuate  coUefig.    The  education  of  scien- 
tiits  in  lihor,il  art*  coUef^oa  15  further  enhanced  as  they  leam  thejir  beience 
hithsn  the  contejft       tht*  hr^Md4*r  ranpe  of  the  liljcral  irts» 

It  j>  extre«riel>  iniportunt  that  the  proeess  of  seienee  edueation  and  of  the  (»dueation 
yf  aCiotitiiti  be  ietn  t&  continuou!**  The  undergraduate  years  represent  a  crueial  phase 
m  Uiat  pfoee^i  vv^eri  qualified  students  consi^t^r  and  ehoose  careers  >n  sojenee*  In  the 
fcdefaJ  coiiccrn:>  ubuut  ^tcnlifie  hCeraey  for  our  popaluiion^  and  about  the  produeliun 
of  itdincU  seicntjfio  munijjttet*  the  folo  of  quality  undergraduate  coile^o  needs  to  be 
kept  clearly  in  mmd  and  to  be  supportcU  in  direet  and  apftropriate  way^  Whai  kitid^^ 
of  support  do  tlie^e  colleges  nec<l  ^n  order  to  eontjn'ie  Iheir  important  role  «n  the 
edueation  of  scientists? 


•  Tliobe  coUqjes  ore  DePauw*  Earibam*  and  Wabash  m  Indianai  Albion*  Mope  and 
Kalamfl/.i>u  in  Michigan^  and  Antiodi*  Dcnison^  Kenyon*  Oberiini  Olwo  Wwieynn^  ^nd 
Tlw  College  of  iv'o^>itcr  in  Ohio. 
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ncm*  iit^t  ou^n^rlujiilics  Ivr  rr^eurch  by  luculty  jncmtK^r^  at  ihc&a  colleges.  Tbc 
fjicuUy  intnitict!>  «t  ^ViulAty  iindorgradxjule  ooUe^ca  can  ^  carry  on  rc&oarch  of  ihq 
highc^i  4]uuiUy,  iuvX  tliuiT  cvnttnucd  vitality  33  rcsoarchcn>  ^  direclty  conn^^  to  their 
cittictiv(jtn:&!i  a*  ttfdciiCfs  vf  iCiCfice*  Wc  b^ilievc  that  r<^arch  by  Ihese  faijully  members 
iiLoulvl  6e..!iUi'iJijrle<}  througti  a  ymii  ^«(-&»tde  in  lli«  ge^ierul  f^SE  budget*  JEm^lyj 
tbvre  ho^^  ueen  a  ^eepttvn  on  the  part  i>f  many  fine  s^siejitj^ts  Icaohing  at  ondergradoate 
college:;  ^tnat  there  iiob  i>ct'ii  sxritie  ^tejudiee  ia^ha  review  of  their  research  propotSdls 
at  ihe  l^nliijctal  Science  Foundati^in.  Moel  of  NSfs  dealings  are,  quite  appropriately, 
miti  itte  major  r<^ardi  *jnueri*Ucs.  Thoic  who  review  pK>posals  <to  not  Always  iee*n 
to  *aiOefilyfid  tiittl  tJti^uality  rcseareh  <SBn  be  and  b  done  by  faculty  at  colleges  where 
(tie  majer  emphasis  on  teaching.  Indeed,  it  is  carried  on  ^  extension  of  tcaehfng, 
iiivvlvuig  t^ic  jno!>t  i^romismg  undergrav-jotes,  and  this  one  of  the  reasons  that  the 
support  uf  research  ^  faculty  at  undergraduate  teaching  colleges  has  a  double  valuer 
(lie  qouhly  of  Uie  research  kU^Uf  and  (be  contribution  1^  makes  to  Ihe  education  of 
some  of  otu*  t>(^t  future  scientists^  Wttile  we  would  continue  to  insist  lhat  only  ttte 
oebt  prc>po&aL)  for  robcurcb  bo  supported,  we  beheve  that  a  small  set -aside  would  provide 
an  appropriate  ;,tajidard  to  be  sure  that  proposab  from  undetgraduaio  Institutions  are 
not  neglected. 

Secondly,  faculty  at  Prc^nunantly  teachti^  instttutior>3  need  peri^ic  opportonlties  for 
professional  rcnemul.  Tt»ey  nee<J  to  work  with  and  consult  with  scientists  al  larger 
laooratoriesi  as  a  supplement  to  the  research  activity  which  they  earry  on  on  their 
own  campuses,  tacuity  at  undergraduate  colleges  are  called  upon  to  tench  a  broader 
range  of  courses  than  arc  colleagues  at  larger  and  more  specialised  inslitutJons,  and 
they  tiave  :»oinc  special  needs  keeping  up  wltti  a  wider  field  of  knowledge.  Ttie 
Science  taeulty  f  elli^w&hipii  of  thu  ^l  fulfil^i^]  this  nec<l  by  providing  undergraduate 
faculty  support  to  spend  time      uidustnal  or  acadetnio  research  settings.   The  Small 
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Undwerirfuatt  College  Research  Suppyrl  Progrom,  alio  nitjctj  a  t>art  of  tttis  no<»iJ- 

Hiirdf  tlicr<  ^[^<^  Jui^rtaut  tri^trumcntiiti^jn  tiooU:^  f^^r  butti  research  and  instruciLCA* 
Svmc  ^iiipni<^Jit  13  in  ihc  ruiiurul  course  ^^f  Uiin^^;  ^oi^ajfeiJ  imtjalL^  (or  r<^etircli  pkjr{x»os 
and  lUviL  iJseU  for  instrucljun.  Hot  tiicrc  aU>  ^  "^e*!  'riOiiy  fiei<!s  for  statc-qf*lhe- 
tirt  ^ujpment  i¥bioIi  wiU  be  u>c4  prim«inly  for  in^trucUon*  That  need  n^t  now  bang 
adequately  ^nct  fi^orn  any  source* 

tn  prvjvi^ling  f<^]cral  d.'>:>v^Uii«f^  tl\c  putchv&e  ot  lurgcr  ^t:uk  tind  c\{>mkve  equipment 
fur  tx$G  m  instruotion,  it  may  be  U!><!ful  to  require  the  institution  .to  share  sig^ificontly 
in  the  E!0^t  of  thjit  cq;u)pn\pntt  Total  ncc4s  iti  scientific  ^Ri>tnJCtion  arc  gr<mt,  and 
^mc  fi^m  vi  TiiXi'^mn)^  for  scarce  rcsourt^os  i:^  required*  When  tho  institution  bears  a 
significant  i>^\  of  the  cost,  this  insures  that  the  cquipmciit  will  be  {>leced  where  H 
going  to  be  used* 

There  i^  one  ty^^c  of  ^icntific  cqiuipmeiit  vrhich  ls  clearly  in  a.  category  to  itseUi  and 
that  cufiip^Uoif  equipment,  |t  differs  buth  in  its  scale  and  the  v<xy  bruft^  Gpphcaiioiuy 
throughout  tlie  iv^rk  of  a  (College  or  university*  It  is  important  that  support  for  the 
ac^^kji^iti^u  uputtitg  equipment  not  ^  penalised  preei!«ely  b<M:au^e  it  i>  so  broaoiy 
useful  across  the  ran^  of  Jj^Ciphnc^t  Where  such  support  js  organised,  primarily  by 
individual  di^ij^litioi  this  can  be  the  cose*  There  ^  <^  ficcd  (ur  soiue  !»uppuri  categvnes 
that  Will  respond  to  major  equjprnent  needs,  particularly  in  computing,  whicli  ctit 
ftcro^  most  disciplino;;* 

Fmall^i  there  is  a  need  for  tlie  poriudie  fcvicw  and  Jinprovemciit  of  science  tnst/uetion* 
The  tfational  Science  Found^ttit^Di  jn  the  pii^ti  htit  provided  u-^elul  MppQrt  for  this  need 
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to  kee|j  *.'urnc^ji»  ouireiii  with  Uic  *rvcf-(.*Jiaii)jing  st4ite  of  iCicntifiO  knowledge.  Su^:n 
improvement  on  e^ery  level  of  ^cicnoe  cUuetition  is  a  high  priority  now, 

UR^ct^rH^luut^  iiticrai  arLs  e^Uq^e^^  wc  drc  purticuldriy  uwarc  that  there  arc  jmj^rtant 
vurncui^ir  ^ruioota  which  ure  1^Jmj^io^4t?u>LV<;r  UnJguig  tUc  :>aetiec:^f  the  soc^ttL  ^eienecs 
arKl  the  humanities*    Ittc  \tii  re&|jojihi|>il4>  in  tt^m  ft^dcrtd  ^t'eriuTient-thuQilcc*.*., 

appropri4te  ji^ajatauev  tv  tvUe^c^  4kaU  diuvcraitie&  wJth  valuable  pfojeet^  which  ero$s 
Utaejpiinar^  hne^  It  i^^i^d  ^  very  de^jrablc  to  nave  an  encouragement  of  re^Tar 
NSi^-NlBH  evh^lx^T^ti^  m  projeds  of  qvjuUty  ^vhieh  do  bridge  3iscLplincs>  This  is 
purticuiarly  apphcubfe  in  our  euneerna  ahout  general  tochnologieal  literacy,  $ncI) 
prograrts  contribute  aot  i>ul>  to  xhtf  tramuift  rianptjt^er  for  ^cieni^c  jnJ  tf^clmicut 
ctin^ii^aertl^  for  our  s*cict>,  but  aUij  to  the  transmittal  of  the  broaJ  unJetstanJinC 
o*  ^.cienvo  hhKh  in^.reasinf:ly  rtoeJoJ  cffot^ti^^e  Jemocratic  Rovemnient  in  a 
toc'mol'*:i'-  tl  .i>*e , 

rte  Uo^c  sppreejeied  t>irc^ior  Knapp^s  fecogn*ii<Mi  of  the  important  role  of  undergraduate 

eoilcgeb*   As  he  t^i  it  m  this  year's  N$F  bw^gei  sumjnaryi   ''Another  crucial  part  of 

*  J 

the  imK  in  cdueational  base  which  provides  tlie  Matron's  future  ci^ineers  and 
scientiata  IS  the  Muail^  pre<tom«nantIy  undergraduate  college.  A  significant  proportion 
of  th04>e  awarded  the  PliD  in  science,  mathematics  and  engineering  receive  their 
baccalaureate  at  these  insttttitions/'  tie  goes  on  to  note  that  ^'it  is  important  timt 
faculty  ot  thc^e  instittittoins  reei^ive  support  and  cneouragemeiu  for  maintaining  their 
researcii  eopabiiities/'  l^or  ihti  pijrpose^  the  National  $cienec  Foun'tlation  is  proposii^ 
this  year  to  spend  three  million  dollars  on  a  jicw  program  under  the  title  "Undergraduate 
(^ollege  ^tc^earch  Sopport*"^  ivc  hvould  suggest  first  that  't  he  uery  cJear  tliat  r^cardi 
supported  under  this  program  shah,  whenever  appropriate,  as  it  very  often  ist  be  carried 
viii  on  ^hc  underg-aduate  campus*  In  ^omc  cases  undergraduate  faculty  may  ncod  the 
resources  of  a  larger  iubuTa|or>  at  a  major  rcseurf>li  umvursit^  or  independent  laboratory* 
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bul  *vJiviKw<'t  {im  i*  <tin  iiK.  currivil  ^fui  on  Uju  utidvrgrjidu^to  cumpu^^,  there  u 

-♦  * 

t  4 

w^^ul^l  tibu  )Ui^e<^^t  Uiut  ^UU(.u^Ji  tiivrc  avvm^  to       no  im^  ^tem  for  tlus  cffi^rt, 


tli^^r^  {jutj^l  Lv  Lh;  ipticUK'  :>tutulijirj  iduguu^e  Jjrc-OUng  Ih^  effort  und'^^icntitying 
lU  K'vLL  ui  sup^rL  li^i?  ;^«aClj  appreciate  Dr^  Knapp's  untie r^jtuntimg  of  the  unportance 
of  uijaergrnduuto  jn>tittilwiLr«  3ut  are  painfully  awurc  that  tlu^  a  rather  new 
tiiiv  frvm  the  h^iCi^jutil  S^::iLnct  l^i^unJutjon.  De^f>Lle  tlic  clc^ir  language  of  the  statue 
Mu<ih  creutv^  Uie  rrJuudaUvit^  QuU  d^^p.te  thQ  pvr:)j:>t<!tit  urging  of  th^  committee  und 
vtiiU  ^rU  vf  tiii.  CL>ngrvM,  plain  f^el  u  that  th<!  National  St^iencG  Foundation  li^ 
(jtwji  dk-ailj  ijmjt^iiitit^,  j^iipufi  to  iLf  rtspunMbdiUcs  fiw  aCicncc  cducMwn  nnd  for 
tho  education  of  scientist:}  for  the  future.  " 


^Vc^  drt.'  KiLo  nvidVKi  Umi  th^ru  nu  aimrp  d&Udvljon  to  be  tasnlc  betwet^ii  rcseareli  and 
t'ilueatioji  kit  Uifj  iciuiiL'^.  fUe^  :>uppo*l  cacU  otUcrt  and  oftt^n  go  on  iluiuUaneou^^ly. 
t  iiiit  inr^  Ui.livui.  iimi  diFu^^t  :>t£iiiilL>i'>  lunguu^i!  is  neudvd  r^^^uind  tt]«  Salionul  Science 
rvunJjUwn  Umi  i;dm,alion  ft^bpynAibditus  arc  important  a»d  notd  to  have  explicit 
support. 

he  vMouL^  Ijke  1^^  umiiiiR'nt  on  on^'  otJKT  ^'Ivmcut  of  tLe  NSF  budget  inrtueU  Imis  been 
propu&irtj  by  ttiv  AdiiunisirjlioH.  That  ts  llic  intcfltion  to.  fi*nd  Prt^'-College  Toacher 
Im^ruveiTictil  m  Sviunet;  an^i  MatUemul^e^r  earriod  out  tiiro^igh  jn-^crvice  tvueht^i' 
initilultAt  at  a  lf.^vel  of  id  mahoii  dollars*  In  addr<aimg  the  iA\xf>  of  education  Jli 
^Cienvf:  and  joiithCJiati<^  at  the  Glcmf.nur>  and  ^tt^oi^d^r^  Ivvclr  v^hidi  }  rCah/.c  Ua^ 
(Hrcn  a  spCCJ^l  concern  of  tliK  t-^omiaAtcrc- tlna  yo;trr  we  ivouM  einpha^i^e  both  the 
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FounjuUv^n  m  ted(:hcr  trainttt^  ^t(\  Cuiriculain  K^cvelopptent  tor  Vnd  cl«i[icntar>  and 
^ccoiidur^  AcJiDubi  Our  ncecb  in  ^icnco  c<lucaiion  ^rc  not  only  nce<ls  in  torms  of 
ftximbor*  iHjl  «bo  *ii  term»  gf  tlie  i^oaUly  of  educaUon*  Quality  science  educaUon 
rfl*iuift&  XUii  <tirf;ct  uivulvcmtnt  of  iCKiib^ti>  Wc  l>cUcvc  Jt  is  most  appr<>priaU  iUat 
tUi;  iUii  9K^J(i^i^f.Hl  iruinifiS  of  tcucUer^  for  their  re^ponsibiLilios  in  teaching 

science  »tiould  come  tit  the  fe^lerai  level  from  Ihe  National  Science  Foundation. 

Vtc  at^teemte  Uu»  op^rlunjt^  to  appear  before  Committee  and  to  offer  these 
particular  vLew^  ffom  tt«c  pei^peetjve  of  tile  quality  urKJergraduate  college* 


\  13i 


Mr.  Wauhikn.  Thank  ym  very  much,  Dr.  Fuller.  That  was  a 
very  comprohonsive  presiriitation,. 
Dr.  Fensler. 

On  FenSxek.  Thank  you  very  much.  I  m\l  try  to  be  brief  and 
give  >ou  .^m^Wjreviated  version  of  m>  full  testimony  which  you 
.have. 

I  am  delighted  tu  ha\e  thi&  opportunity  to  appear  before  the  com- 
inittetij^und  to  testify  on  the  iii^Cdl  1984  NSF  authorization  and  bill 
r  todavr^i^ing  particular  timphdbii,  Uj  bcitincc  and  engineering  educa- 
-^i*>rr  I  represent  354  member  institutions  of  the  American  Associ- 
iition  of         Colleges  and  Universities,  and  I  am  currently  vice 
chairman  oHts  Committee  oa  Science  and_Technol  gy^  

I  am  also  speaking  on  behalf  of  the  20  associations  wBo  partlcF 
pated  in  the  dev^;lopment  of  the  higher  education  agenda  on  sci- 
tsnce,  mathematics,  and  technolog>  education.  The  committee  is^  of 
course,  well  aware  of  the  current  national  crisis  in  science>  math- 
ematicsj  and  technology  education* 

During  the  course  of  your  recent  hearing  on  H.R.  1310,  testimony 
Vfdii  introduced  that  pointed  to  the  decay  in  our  scientiflc  educa- 
tional bybtem.  There  was  documentation  of  declines  in  student 
achievement  irt  mathematif;&  and  sciences,  documentation  of  a  sen 
uub  bhurtage  of  qualifled  mathematics  and  science  teachers,  docu- 
mentation of  a  vacancy  in  faculty  positions  and  university  engi- 
neering departments  of  about  2,000.  We  have  a  vacancy  factor  of 
abuut  10  percent  in  our'enj^ineering  faculty  at  NJIT,  which  corre- 
sponds to  that  national  fitjure.  Documentation  of  the  obsolescence 
of  much  of  the  inbtru  mentation  and  equipment  used  in  college  and 
university  laboratories. 

Since  1372  there  has  been  a  3-1-percent  decline  in  the  number  of 
Ph.  D.'s  awarded  in  engineering  yearly  to  U.S.  nationals.  Here  I 
might  add  that  in  our  own  experience  where  we  have  supplement- 
ed institutional  fellowship  bupport  and  fello^^ship  support  obtained 
through  corporate  fundraibing,  we  have  been  able  to  significantly 
improve  the  percentage  of  U.S.  n^tionalb  enrolled  in  full-time  grad- 
uate studies. 

Although  there  now  general  agreement  on  the  dimensions  o( 
the  problem,  there  is  no  consensus  on  the  solution.  Constructive  ac- 
tions al  the  institutional^  local>  State,  and  national^  Wels  are  neces- 
sary to  forestall  a  further  deterioration.  The  NSF  .support  of  sci- 
ence and  engineerin^j  education  has  been  crucial  to  my  institution. 
Currently  NJIT  has  a  large  and  succes:>fut  center  for  precoUege 
programs. 

\  Here  I  might  interject  w^bpoke  of  the  continuum.  I  think  earlier 
vhejj'e  was  a  discussion  of  ui&  continuum.  At  my  institution  there 
nmy  be  at  least  aeme  elements  of  uniqueness  in  that  the  contin- 
uuTii  ranges  from  a  precollege  program  which  starts  at  grade  7 
through  the  doctoral  programs  through  postdoctoral  continuing 
professional  education  programs.  So  I  think  that  while  we  are  very^ 
very  heavily  involved  in  undergrf^duate  education,  which  repre- 
sents over  three-quarteni  of  our  enrollment,  we  are  very  sensitive 
of  the  needs  of  the  continuum  ^tnd  having  strength  and  vigor  in 
each  aspect  of  the  continuum. 

The  aim  of  our  precollege  programs  at  NJIT  is  to  provide  disad- 
vantaged students^  many  of  them  from  minority  groups,  with  the 
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technicat  >ki\l>  (it'LvtK^arj  to  pursue  careers  irt  the  ^^ciences^and  en 
giiU'crin^,  It  \>  kX  \t'i>  (toin^iitding  program*  but  over  90  percent  .of 
our  participants  &uttebi>rull>  complete  and  go  on  to  college  It  i>  not 
a  recruiting  program 'for  NJIT— although  we  are  verj  delighted 
that  many  of  these  students*  in  fact*  enroll  ab  undergraduateb  at 
NJIT— but  it  ib  a  n.'cruiting  program  for  science  and  technology*  if 
you  will. 

If  I  may*  Mr.  Chairman*  I  would  like"  to  introduce  a  report  of  the 
Center  for  Precollege  Prognim^  it  the  New  Jersey  InbtitiTte  of 
Technology  which  detail&  the  varioub  prograni&  under  the  Center 
and  the  distribution  of  students  enrolled'  in  them, 
_  (The  repoxi  Jollows:) 


\ 
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INTRODUCTION 


\  |J(\  j<U  Ju\  |}j*vvcU  Mm(  Nc:^  Icrsc^ 
^ftiu^JMii  i^n  uctLi  tt*\iuJtiii\pjrtuif>4Utl 

Lh\  \ILld<:Llt  ^  Ik^^  iJ  lIU  ^ufkL  NmiKdMlCdtlJl 

IlivM.  pcupk  ^'i  J  hj^ti  \tjjkJarO  ut 

\iUiiMrj|^UtJk  ill^tl1uu  u>^i:ic-liipiFk 

UiiiiijiNkU       iIk  lUtun  \Jit mmiiicin  w  Krv 

j<kJ\U  m.  Itjpim  111  tj|  jlti.(-ri4tit  vntfX  n(f};\ 
<  iMiiptiiirrs  4U  iut  \<tn^  t  thK  v,a\  it\  tlit  Mure 
iIk\  jtc  JpjTt  iiUi<r>djv  ilk  (ti4«M.tmi]puKf 

l^rtjjCT'iiit^        iiij(U|^tnu  ni  i>t  t]j/jrdtHt\ 

jrt'a^ of  ^uhI\  mipfin^ii  iONH.(tt<  llK<4-\jnK 
jr<'4>  lilt  rc  jMii^  urn  >t  rt)  \itHk-iit^  ritt-\ 
ihlk^r  tlicxttitm  for  4tcvvk»jiJii>!  n\\\  prv  \<Uk'^- 
pnJgfJin^ 

p«)pfjni\  inifiKJiui-d  AX  iJif  jd^i'in  <^r 

(tt Jmi>k>^  ^\ork\hr]|7  (i)r  tritlnrs  jiirjiu  il 


SO  KJ^tKfN  ffum  niiit  New  Jersey  iiHirtiiv\ 
H\scir\h  jpprcnutt*\hipi       fi^t  Mjpenor 
\KKk'nt>  an  uppuftuctit>  to  v^utk  JirtMK  wtth 
Lii.it]l>  rncjr(hcn>  Hit:  ChtrniKJl  lrulustr> 

it  iJk  vjiih  ijnK  Lt  !i<r\*.M  ji  j  prwtot>pc  fiM- 
fkitLir<  pnj);fjtii\  Ji  i^hcnmtLiuiHtn.^  An 
iniriKJu\tnm  k>  L  rbin  rngincctictg  furjLinii>r 
Itjjch  Sthixj[  Mitdi^nt!>  i>  the  nroli/atKin  uf  j  {^ool. 
r<ji.htn>i  MuJt:ni>  wlicn  ^lJLL^L^c1ln);  atuJ  i.^i:cr 
Tnir>hiMt u}in. jiflnlluct^CC  high  ^DO* 
t  Limciiliini  ^e]ccflun 

^kJ^t  f>r<  i.i>Llci:t:  prvjjcnrriv  iipcn  to  jU 
\utdi.ia\  Ocrii<m>trju  a  i^imhI  ivtoM  uf 
4U.hi(Acnicm  III  niJihi^'L^^  anil  ^cicmv  jrul 

\p(^i.ifi\  llij^  \<  liLHils  AlLp  uviJc  Jirtxt  tx,^ctt:rit\ 
ji/ the  st<jdcm^  (t«npiWK     ifK,lutk' 4itadcinic 
ciiTKhmc'ctt  jnO  rcinfortcmcrtt.tarw 
i.i>uLiSLljiig  i.i>fk^  uncnutMi.  and  porxjrul 
t.^U'u.hmclit  tlirouf^i  i\cUS  tr\p^  and  4:xpi}^ijr< 
tt  {^loi  sp«4ikcr^  fhjtn  huMctc^  jiul  mJu>ir> 

.Vwinnmj^  lIh  j\ji1jihttLt>     (iinjiii^  tlic: 
Lii\iJ|uic  icttc'iids  tti  tiMiitctuc  it^  jrra\  uf 
pnjgr*tni<  in  «;spijnM^  ttj  JcmairU  t  (tuii J<t'h  j 
MMitpr^ tuthjit  M.qut.-mtj1  pnififjm  fn^tii 
pt>st  *ii\cniti  thmuf^ti  t^irlf^k  >;f4iJcN  ^jH  Ix  m 
pjj^t  All  pn)fcrani\  ^^i^^^rmIHl  pnjpowd  jrt^ 
tkfKiidint  iui  flk"  prc^tntt     ^c^^JU^cv^  and 
j>t  rvjLint  I  tJut  i^tiMjf\  tlic  nijinKJiJiicc  o( 
tjiuJiu 


jit>K}rnt».  fr^cAxrd  ^^dnaitd^  i>n  fc^'ui\n  A^I  ^K^rmict   o£edto  Oi^fp(i\-^^Ji  f^^*^ 
*Wittil^Jcil  to ttJft  (kcJsJoo  H> adopt  ilw  CcMti  KmA-  / 

Tfc^  O^itrls  ifTiUaacti  wtth.ihc  FoiwJitJort  at  tftw  j  t-^T-r  j-.^i'^^^  ^ 

TchTP^EUiic  Company,  b  Ctuunua  of  Uic  AdvisoiytewwL  T?r.  tlo^!^^  lOimf&cKOJ^  '-^'^^ 
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A  MESSAGE  FROM  THE  CHAIRMAN  OF  THE  ADVISORY  BOARD 


i^kFLiiU  ah^.uJ  I turiJj^  J  pL c iml    Ih u  till 

lollc^t  J^t  Jh^Jiffljtlon  j\  jS>1J1       +li  ^  JiiLC  {III 

EJJ^pJ£lLL  \  jthE  u4pfU4  It  i^jjrt  fiU^  >Ji»^l^  r 

^[HMJ|[K\  mi)%t  ItJK  tjrlv  <n^unrjj;ifiivnt 
M  clu  V  .ir^^  H»  prrpitn  h-r  ^         in  Ikld^  in 

Uru  jnl  iIk  V  jlutKfM      'i^  pfi%Jtt  s^iiirr 

pfi  pgrt^%  in  ^UmiiUim^;  wiv,    ^\  jii  thi 

<    \\\\y\f.  H  itU.ii  <  fir  tit  k4orti]<lj\tuil  \ 

nU'Cit  JiKl  thru  hnuni  oJlt  on>t^  itut  intiiMlK 

J  [( t  IiM4}U>Kik  ^1 4iTmL  r^iLi  fiPt  4tt4  111  ^(  jrti 
[  lu\  .L  u>i1t  r  itiUtJoii  \  A  -HiHt*^.  Ntfjk^ 

jfkl  >i]m>\fltMCV  t(»  ufUm  |T4)pifbti4iii\  fDijxrn  iiit 

U-  MKtt  ^^hlE)H4l^rJlmltl|M^ 

[Ik  fee  or*l  ^ho«\       jvj*^"^^  ^  <'l  Ml  I  * 

mk^imI  hi  liijji  ttlih  .icfim  p4triK'jl.Kh  m 

iiMthi  tiijtK^  JfhL  s<  H  uu  V-  MtJiJ  I  mpluM\ 
4L  Nfn     T>ii  pjrtfupJli^m  rjtlur  iluti 

»ci  tu  Ipin^  pjrtif  i|>mi\  moX^  |x  fvnul  {liMMim\ 
jftioii;;  fit.ifix  <jrtLr  (>plii»ii\ 


^11 J  \  Mm^niituji \\\  tu  |irt  ^ulJrf^t  pro^jMi% 
j\  imu      lujij^  a\  cjiMhlfL'tl  p<r«)njit  J  jnd 

^  4^it[iiu*j^i>n  4^1  i|(fjjfi^  prc^oniniMtj^  tlu 
JifMiiLiu  u  i\  pjn      (|\  pul>LK  sen  tit 

iiNS'-i'-i^  iiw  4  \  <  jtii>[)  miLMjpimn     iIk-  (  <mt  r 

diJ       (tfi  litikLilirt  jmt  as  Mu  ii  t<<]fiirtA 
1  tMi>iijftJ4Ki»is  ir^NU  Ok  pr.^  x\k  st^t  ifir  Vl4Hltsi 
hii^istjiit  jnsJu  Uu  pff^Jtc  MTLHrr  jrt  rt't|Uirt(l 
\\\  ciiAc  (hi  proj^4n^\  vtork 

till  (  <-ciur  [<rr  l^ri  (  oflt-^r  l'r<i^rjtn% 
ut  liomo  mqifLtH^  rrYJiP  |iil\ciit'\s  ililJ  inOihin . 
Ijr^t  jtIlI  Mti4tlt  l'ariufpjiM>n  ni4i%  takr  nijutx 
lc»jfii\  In  KkJitf4in  <o  ttin-t  t  l!iitjru  iai  Mipport 
«-pl>    Jmtii  %  rir<  a^.ifljhlv  ut  \v.y^\  ^luilrfi*^  <hi 
luiuLirps  lurirupwiu  m  ^^4t^k^lurp?^  jml  t  jrccr 
pnij'Mm\  \jHjHs<tf  tidrtifjl  oiin^  oftnlwrnc 

ilin^  10  [Ik  toqxiutt  <i)ffinuiil11%  Mipp<in 
pre  4<illr^  pro^cjnL\  t  \;<n(1  jn<rpt-HitiMt3Cfon 

<  Jurrnuii 

(  tiittT  for  Pr<'(  o^It  j^t  l*ri(^f;fjcn% 


I 'J  I 
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A  MESSAGE  FROM  THE  PRESIDENT  OF  NJIT 


MJint  of  i4k1j>  s  >aui>g  people  ;trc  lutcciH'!)- 
itlfKrtls  JtMHT*  him  lcchru>iof$)  rf;]4ii(;^  tii  ihcii 
iLitl)  lit<'s  ^u^ilnicijcoiulnxictunnjcihaintcfc^t 
mtS  ih^mrliciie  d  tnio  ^  pcr^x.'irtiic  m  uIikIi 

rallKTih^notK^rvcfvol Ji pj»iiig\4.cci(.  oi|uiK 

bcrn  ai  the  ^incfn^ru  uF  the  futiuti  s  mHimithi(k> 
reaching  out  tu  thCM^  youcijit^icrv  An  Awny  uf 
otl-i^unpiuprogfaiiLs  promufc  in  undci^ianilin^; 
of  t<.'thm>l4>|;y  l'rt^.■olkrgc^tud^■n^*,at^Jr|  iltal 
w  ilJi  4I  fangf  of  ptubtrm  s^Jvmg  4K,-ti\itio  tliej 
>niily  ihc ufhaji fomplcjt  -  tJicpfobfcmNo/j»r 
and  waicf  poUuiton  Mvd  Uie  4)>cta[l  prtitilcm 
ul  cnVironnicnlat  (]e^<btiort  Hic)  p/iifVtM' 
appFuai^hcs  for  impnninjc  trjSH^.  pattcnt^ 
cfeaiing  pirks-iuiil  ptty-grounds.  ^nd  j^tticrall} 
improving  Ukc  qualily  of  urban  life 

AlihimKll  NjlTs  Ptr-tjcnicgc  Proj^jranj*  differ 
front  onO  jm^licr.  xbcy  dci  i^rc  a  nunihcr  uf 
c)li|e(.ti\c^  Academic  rcinfcircxrmeni  tn 
mathcoiant^  and  M^icnce  ci  f>t]ilt  infu  each 
pftjgram  tximinunKatdJnsskiUsartcmphaiutJ 
a>  mrtcssary  tti  jll  cndra\i>rs  .Vnd  tlic  rcbtion 
ship  of  K*<:hnf>l<*^^  to  the  p«*ptt  11  serves  is 
str<rs»ed  hieJd  inps  and  uufk.Uiup>  uxpttM: 
f>irtirtpafits  tii  what  often  1^  their  first  gjimpw 
£>f  ihe  ttiirking  world  of  professuinals  Career 
ev>un»|ing  and  in  miroduction  lo  a  college 
atoiusphere  add  lu  tlwirgriiwth^  the}  prepjre 
to  rruke  i^fximni  persunal  decision**  .*  ^  u  ill 
affect  their  fiiiure 

Vleju  Ne^ Jersey  Instutiteuf  reihnohjg>  iti: 
e>>ncemed  that  there  1^  a  hmiied  pfc^ence  ai 
llbeks.  IlLspanif^  and  wornen  in  engineering 
arkl  other  rc«hrwk^ot(  p^jfcv^^n^  .Speoaf 
etl<>Ti<f  are  inaik-  to  aitrset  ^in.-rilies  ami 
women  to  the  pre  college  prtigrun^.  efforts  \\M 
i  have  t>een  highly  Mtcee:^^l 


1\}  Jete  ^jpji^>ljJK^iiJ>t)mi])jr)ngHluilerktv 

test  iheif  iniercM  in  ^oente.  NJIT  1**  lleltiiitg 
lo  nut  I  iht  griiwmp  need  for  <mgim.  erv  ami 
teehnotogi>tfi 

%h)le  nimt  of  tile  InMJiute >  progfomv  oie 
direi^Kd  10  Hiudemv  v,Wt  dentonslrtte  a  grKHl 
icKJfd  of  4iellte\enient  in  mathemjiiev  and 
velentCH  fii>t  .til  partKipantv  elect  to  punue 
(.jrcer>  ill  tC(.hnologKJ|  or  maitagerta]  fleld> 
llimever.  gi^en  die  tmpitt  uf  lc<.itni>UTgy  oii 
MKK't^,  aU  pin  fnjfit  the  experHrnev  ultitt<'vrr 
tlU'  fiituie  lidttcaiiortal  or  career  direction 

Progrartijt  offered  Uirmijt^  the  ('eiuer  for 
I're  (XJIege  Projiramv  are  (XjSMble  l>ecause  i>f 
jui  effc^tit<  f>artner^lip  hederaf  agencies  vm  h 
as  dtr  Njlu>nj]  S^u.'nee  hnindation  anil  tlie 
Depannictit  of  rduiaiion  enco^irsge  and 
Mippiirt  some  progronii  |'n>'ate  philantlirfipH 
organizations  and  the  corporate  sector 
repreM:ni  the  most  imponjnt  Sfiurccs  of 
assijtiante  Nevi  Jersey  In^tituie  of  Tec|iiK>log>' 
ftir  it&  part*  provide*  physttal  resource*  and 
ptrM>nnel.  Sweh  ;i  partnerslitp  is  cnlical  to  the 
niitintenonee     pre  college  progrommi^ 
As  a  universii).  NJITmtisx  meet  iis  primary 
mission  etentents  of  inMniciion  ami  research, 
atliRaling  it^  Itniited  financial  resoureev  towani 
thjf  end 

ft  IS  a  g*>al  of  ilu-  (  enter  ftir  pre  (  cdlige 
l*n*grjims  todext  lypu*niprehonsi>vMxitientul 
offerings  for  Mudents  fjfoni  ^evetkth  tlirtmgli 
t^^elhh  grade*)  Hie  value  of  vnch  a  program 
t<i  inilividiul  smdenLt.  and  lu  vieicty. 
en(.^nirage>  ill  i>f  11*1  to  pttrMie  the  reoli/itjon 
of  ttw  goal  v^iih  M^tt 
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CENTER  FOR  PRE-COLLEGE  PROGRAMS 

ADVISORY  80AR0 


Chftirman^  Advisory  Bofti^ 


Jersey  iicll  Tdfplumc  <  j(» 
Secretary ^  Advisory  Board 


Rot>cr(  Inukklii) 

hjhht  SrnKv' fk'ttrH  &<*js<4^ 

<  Hrtts  <urdiit  f 

I'liHtc  ^nu'C  ritctnc  Vt  (ris 

lliirrnnji^is  <  oqxiranoii 
lohri  n  lluinMf 


liwum^i*^  <  4>tp<ir4tiork 

S[  Hcrkt'ili*.[M'rt*pjr4[OTyS:JMM>l 

Mul>cr  <  4irpo[3iHji) 

hnp^kf>n]  I>;tr1irk|;p4>fi 

llif  fniilrrkti^l  l(v»urjn*.c  <Jt>  <>f  America 

hwiiii  <  4Kp<^»tiark 
\rtcrkf  Vi'iHHls 

I  \xtin  Ut'scjtrvli  Jiiiil  l^rkKiiK'tTirkg  <  n 
Viklh^iXthcat 


NJIT  REPRESENTATIVES 


V  H  c-  I'rt  suit  ri[    III  stjf  t  ll 


llH^rnus  Rtk[[x 


Or  yUM  [JfU[Mhnijrk' 

t>q>i  til  <  t^tl  ift  I  nMmnmitHA\  \  tigitict'f'rkg 


'I  lire  4  tkn-  i>t  tH(  *  *f4^*  h.r  tT<  '  -k'ft  i't'-Wi'"^ 
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PROGRAM  DIRECTORS 

Upivwl  Bound 

Mr  WilluDD  Ir^^mun  DiriMor 

CoUcg«  Bound 

Ms  \iiju  ^X^vJ^^lL  Mil 

Ms  iMUi  Mj(ij(.iU'n  lA^t  sjdi 

Mrs  t  iMi^i         t  <-ntrji  ii  s 

lJnivcr»i^  fligJi  Integrated 

llf  VC  tili.im  \)\in 

L'roiui  2ii|fjneeHng 

E>r  1it»i\.u(i  Kimmcl 

M]n]-Cour9»:  ^rfjan  EnginccHng 

-Science  Hinh  School  Ijbnralorr  Courtc 
Ijr  [Ioi\und  Ktmntt'l 

Energy /Environment  ft^r  ^*t^ondA^ 

School  Tcaeher^ 
Ur  1loi\aTd  KininK  i 

Project  5EED 

V)t  \rMmr  litt  tntK't^ 

Chemical  Industry  Minnrjt^  Engineering 
Program  (ChiHE) 


\ 


Hi 
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COLLEGt  BOUND  PROGRAM!.  '  M  AND 
CENTRAL  HIGH  SCHOOL 


;^    jtt^^fctinJc^  year  bi  New  Jewcy  loMltutc  oTTccbutrfogy  ^t^i:^^jiH9ftSd^g^  \ 


visits  to  coUcs«r  »nd  caw  cwtmjidDiig  arc  amu^gcd  I6f  ^crt(o«'^;v74>^v,  i^iVvW 
Tine  ^jnonctC^tnllliti}]^  school  ycu^H  -  ,      ^     . '',v:  \^|:-J?J4!s^%*^^ 


INTEGRATEDCALCULUS  PHYSICS  COURSE  AT  NJIT 


\4H 


UPWARD  BOUND  PROJCC" 


^  during 


SUdcnt 

;  DATA 


ERIC 


I4it 


JUNIOR  HIGH  SCHOOL  INTRODUCTION 
TO  URBAN  ENGINEERING 


The  objective  of  latroductjoo  to  UriHui  Xnglnt^tiag  progmtt  to 
lrttrod*icc  9txtdcnt»  to  the  excitement  t)i  science  stntl  eng^>^cerin^  wUh  insA^t 
Into  the  role  of  englnccca  jnd  sucnttet^  as  probtem  $Qlvers.  Hinplu$b  pUc^ 
on  deveJoplitg  tcchiutpies  to  solve  uiban  prol>Ums.  Guidance  'entire?  iftat 
Students  4fc        of  rcqwisiie  sc*en«:  jnci  m^tthenuttlcs  cout^  necessary  to 
qualify  fijr  admlsston  to  college 

DATA 

Att4U«ce  Serve  di  Lvgcly  Neinwk  ^  F4S(  Onmgc 
^n^htj^  of  SPadtM  EtuoUtdt  H7  ' 

AisdEcoxfe  Empluuif I  Urtioi)  l^aniuc^Traiifpoit^iiton  Engbicetii^ 
DlVir^ -oencU  ScJcnce  xid  Eiier^^ 

I^ltftlAcrin  €tumcteri0tle«  of  l^^nmi  Ihc  prognun  Jnetudcs  ^prcial 
t^jc<;ts  on  which  the  stwlems  w>rft  as  groups,  tticy  become  urina  plafthefs  Ibr^ , 
a  group'Cieatcd  comnnintty  in  tvhlch  they  Identify  And  elim[nll4^exi5tbigptt>btcm ' 
related  lo  mfym  living;  ifsuiTporUtlon  S)^ettks  m6  the  gencr^  cnviroiuna^^ 

SpOAiom  Naiionai  Sticnu  fowrtOaiton,  Exxon  tetofcti  &  DcveU^tncnt*  Mobil. . 
EcSCAfch  Devd^  -poient.  PiiWa  Senict  Eicciflc  &  Gas  Ca.  prwfcotUI,  Bdt:  '  »  : 
l5itf,Ncw/cr*evBdl,iloffiiMiui*U  Roches         ^  -  C  ' 

TtmeFxame;  three  week  suaiincr  Mi^lon  -  .  ^  J 
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HIGH  SCHOOL  URBAN  ENGINEERING 
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RESEARCH  APPRENTICESHIP  PROGRAM 
FOR  MINORITY  HIGH  SCHOOL  STUDENTS 


i 


>AruPl)Ay  MiNI  BOURSES 


HliOtC&^xictf  c;3ct«Ddu^  over  ^y<^  aod  ^hrd;  ^-fttit^exi^^^^ 
Saiun&ys  durliig  the  aowJemic  y«i  foe  h!^'i<JwoVi»'^*oif 

and  cnvUonjnrtcnUuVutbart  plannfrtg  ^^'»SI^%^h^ftdl;^"'^^ 

DMA 


Spoa$o€T  Shelby CuUomlXwisFotifH^itoa^-„;^:';^f^^^^^ 
Hme  Vjc»m«  Saturdays,  acadwUt  y^^^ " 

 —  ^   V^^^  t; 
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ChlME  WORKSHOP  FOR  HIGH  SCHOOL  STUDENTS 


ENERGY  CONVOCATION  FOR 
GIFTED  ELEMENTARY  SCHOOL  CHILDREN 


ERIC 


157 


158 


1980-81  PRE-COLLEGE  PROGRAMS 


PROCaAH 

AUDIENCE 

(^^Htgc  IkHinJ  * 

Ccninl 
Ncw:uk 

 -! 

^^^^^ 

(rnlvmliy  115 

Uboratoiy  Co«rw 

0 

NcwaiJt 

Newark  High 
Schoob 

1 

JuDu>r  llijtli  school 

Newark  A  Rcgitmal 
NJ  ^NY  JuDU>r 
lUgh  SctKxib 

(ScnH>f>Eligh  Sth-x>l 
I'rbAit  togjotcrjog 

Newark  &  KcgJonsl 
NJ  It  NY. 
Eli|;7i  Schwb 

for  MiDonly  lib  Students 


Newark,  PbmTicld 


ERLC 
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TIMK  FRAME 


Sqxcmbcf  -  June 

Schtimanu  Eound^iion  , ' 

bqHeint>cr  -  June 

Mobil  Research  &  Develop* 
menu  Dunvugfu  Q>fpomfon 

£cpicn)t>cr  *  June 

r 

Vl«7,^u  Foutkhilon 

Njn 

10  wcck$ 
SuEiiEiicf  Session 

Adicrtean  Oiemroif  Sodeiy 

Njrr 

Scplcntbcr '  June 
Six  WMk 

- 

Dcpanmeni  of  1  Inlth. 

Sunimcr  Sc^&Hm 
♦ 

— .  

National  Science  FoundaHon 
FjcxQA*  Bell  Labontone^. 
nil'  TraderUial  Foundihon, 
Mobil  R&D,  llofl&Tiann'La  Rodic 

Niiitonil  Scicikce  FduihlaiLon 
Exxon,  lite  PnidenibJ 
h>uculjh(m.  M4)]>il  ft&[> 
Public  ScmcC  Eirctfic  &  G»s 
llof&natin-La  Roche 

National  Science  Fotindackm 

s 
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19,80-81  PRE'COLLEjSE  PROGRAMS 

PROGRAM  ^  AUDIENCE 


Mcirn^  Monmouih. 


WOHKSi.  OPS 


( hc^iicj]  Flulusirv  %fiminiv 


Old  BrKtgc.  Pbin- 
Acid.  Htizabcth. 
Iindt'it  rppvr 
Mcintcbiir.  South 
AitiEHiy,  Orange 
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SPONSORS 


1 2  VjUtrda^  ^ 
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PRE-COUEGE  PROGRAMS 

AVERAGE  PARTICIPATION  STATISTICS 


fiAME  OW  PJIOCRAM 

Iniegninl  ElkyM<.>^ 
sciciuc  liiy^  V  tvM>l 
l^ntica  SHb[> 
( p^arJ  lUntnd  E^>J<:c[ 
i  thjjj  IfnjpdfcnrtK 

Hcs<rar<.h  A|>pK'n[K<.^hip  for 

tnciKy  A  Fmjnonmt'nui 
Ei'LtmoUijCy  for >c^<>n(lar; 
VlicH>l  'ItrsLhrr^ 


enhoixed 


SO 
8"- 


HI 


50 


"0^ 


NAM£  OF  WORKSHOP 

ChlME  U'ortahop  for  ^ 

hdoiKV  (^mvocation  for  (J^fttil 
f Ic  tncniiry  School  (IhMJrm 


ENROUUED 

60  ' 


22» 


CO^mNlilNC  EDUCATION  COURSES 

16<)pt(uns  -  ont  day  projfram^  |50 

loul  ISO 


<rHAMlU)lAJ, 
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ACKNOWLEDGEMENTS 

those  tncnd>  ut  Ntrw  In^tiiuic     Tcihix>l(>g)  nlKi^c  iinjp<:raihjn  hjA  iuntrtbutcxl  to  the 


PROGRAM  SPONSORS 

Ik'll       oratories  VtTv  Jersey  Ucll  Tirlq>ht>ru"  (  onipany 

( luniical  liKlu^ry  <j>ufKil  PuhliL  S^nicc  Klectnc  &  ixmpAay 

llic  Mor^tHf  St  jiAut  Vhiinunn  {oiimlJiKm  Vuioiu  I  oundJtion  Inc 


FIELD  TRIPS/ViSlTS 


<  oris<^l)(b(ai  lUivjn  NVii  York  <  ji^  Pr4H.(cr  &  <r4n»btr  Stattn  ItljtuJ  N  V 

I  ^irlci^i  Dh^iiivjii  I  (ii\i-iAit\  Iffnion  sijtc  <  ollc^i,' 

llnlfnuiin  1^  Hmhc  ViMki  NJ  \t c^tcni  I  lutnc  S]>nn|t;ficlO  VJ 


CAREER  GUIDANCE  SEMINARS 

iScnOix  (  urpc^rjihm  flic  <jrad  l^dnncr^lnp 

f)iim>t)gti^  (  oqviTJiicMi  ^      1crM.'\  Ik'll  Rkplnitii'  (  nmpaji; 

InXuu  Hij£u>n.i1  E'ljimm^ <onimissmn 


IGV 
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Ih  Fjn^im<  M\  j|jj>t'.u.ifju*  brloR*  ihii-  cumniiltee  today  is  in 
iij.irkfil  n>iiU.i-t  ill*  ^iltt.iljuii  t}iiit  conlronlod  us  in  10j<J,  The 
^t(J[Uiin?>lr<ituni V  butl^ift  UfjUtM  foi  ^vitmv  I'clut^atiuii  w,i^  restrict- 
t*tl  tu  rtiiiintajnin^  the  >lalu>  i\uo  fui  tht*  fellowship  programs. 
Dutjiit;  tht'  tuur^e  of  this  pa^t  veal  tliere  has  been  a  growing  recog- 
\uXiuu  <j1  Uh'  iriijHjrtana-  uf  the  n  \aali/ecl  Federal  role  for  science 
rflueatioil 

T}u-.  liemi  ha>  bet  ri  in,iiiilt>h  i|  in  numerous  legislative  |)ropos- 
at^.  ujdt  s[>u-ii(J  iJK-iija  altt-ntioii.  and  a>nt;ressionaMy  approved  in- 
civ;l^"S  lor  K'K^nte  t-ttucalion  rmuhiig  ;U  the  NSF, 

Fjiiiiltv.  ihi*  fW<*I  11*^1  <Klininistialioii  request  for  science  educa- 
tii/ti  nut  onlv  inLit',i>e>  the  funding  knel  t>ut  aUo  expands  the  pro- 
mam  ill  ^Lope  The  ("onimittee  on  Science  and  Technology  is  to  be 
n>n>;r<ituliited  uii  Us  role  during  the  past  vear.  Karher  this,  week 
the  Loiunuttee  appioved  .i  niajui  k^gi^tative  proposal,  H.R.  IMiK 
Imiu  i;;t'jj<. V  Matheinatii^  <uid  Science  Kducation  Act.  This  bill  will 
pru\[dr  a?»?»i>taiKe  iot  both  pret^oltege  and  po&tsecondar>  education 
ii»-titutiun>.  and  i>  an  important  first  >tep  m  iv&toring  the  health 
of  Anieriean  science  edue'dUtjn 

You  air  ta  hr  .ippt.uided  for  vour  efforts  in  this  ver>  important 
kui^IafLun  Budiling  upon  this  initiative  I  now  urge  the  committee 
U*  taki'  -nnili^r  [)usjti\e  steps  in  appro\ing  a  fitical  U)^4  NSF  au- 
tluaiAit  ai  hJI-that  .ulequatelv  leflect^  the  needs^  of  the  Nation  \n 
xnrke  iduLiitJojj  and  is  t<jns»^tent  with  the  critical  nature  of  the 
problem. 

I  would  like  po>iti\el\  t<-  '  ment  on  several  aspects  of  the  ad- 
nunj^tiatii^iiV  fWitl  V.^>^  \  buo^et  rtque^t.  A  million  request  for 
^  it-nLe  and  t  n^meei  mg  education,  including  $10  million  for  gradu- 
ate feIlow?,lnp>  Mi]  .S-O  million  for  new  precollege  teacher  improve- 
uii  ni  pn>KKim?'.  and  ^-i  inilhon  requested  loi  undergraduate  college 
KMaich  support  tt>  encf>urage  involvement  ii  research  hy  under- 
uiaduate>  uiiulli-d  at  predominantlv  undergraduate  institutions. 

hi  aiiditign  to  theM-  education  functions  of  the  NSF,  there  are 
pnjjM>-.td  ^ub^tantiiil  UKnv.^es  ui  the  re&ear<.h  budget,  particularly 
jn  tlu'  niathi  nialjcd  and  ph>sical  sciences  and  engineering.  The 
budt;et  alMj  t,ill>  lor  ,i  new  program  of  a  Presidential  young  inves- 
ti^^Uui  V  award  and  a  majur  initiative  to  support  research  instru- 
mt'iitatiini  net'd?*  We  are  supjKjrtive  of  all  these  efforts  and  urge 
the  Coniinittef-  to  approve  the^e  increased  programs. 

Wt'  .ue  duabtful.  howt  ver,  that  the  leveU  of  funding  requested  by 
tile  adiunii^tuitjon  are  adeijuate  in  terint-  of  needs.  We  believe  that 
fuPi  n^:  te\el?»  on  the  order  of  ^VM)  million,  as  recommended  by 
Ehi>  Loniaiittee  lei  11. R.  V]\iK  are  required  to  permit  NSF  programs 
to  aehieVt*  their  inttMided  impact. 

Fiii  thn  niuii',  1  ftel  that  duiin^  the^e  authorization  hearings  the 
i^oninuttt't*  ."hould  ni>t  h>^e  >ight  of  the  NSFV  mandate  to  support 
^Ljeiiee  education  program^  that  are  not  emergenc>  in  nature  as 
dt^firit  01  H  H.  IMU  NSF  ntu^i  took  tu  the  extended  dimensions  of 
theeunvnt  problems. 

Therefore,  1  urge  thj>  loninnttee  tu  authorij^e  science  education 
pio^r.ini^  at  the  NSF  thiit  will  pruvidt-  Lontinujtv  of  support  for  its 
mandated  eduvatioiial  lunetion.  11  K  I-UO  together  with  a  broad- 
based  lUithori/iitJoii  Un  science  education  at  NSF  will  serve  as  an 


iniport.uU  [uuEiiliUou  lui  prt^vi^nlin^'  further  iTObiun  iii  our  Na- 
tions iscii*iitt'  oduuitifiri  <*irort 

guidunv^^  fur  thu  ('ummitti^t^'s  ulTort^s  to  determine  actual 
needb,  I  wuu|d  like  the  Cummittee  tu  cun^idor  the  bUi?^,'e»tiun5  con^ 
tdined  in  "Hi^'her  education'^  A^^endu  in  Mathcmjtjc&,  Science*  and 
TechnuluKy  Edutatiun  "  A  cop>  of  this  document,  Mr  Chairman^  is 
attached  to  n*>  testimony  and  I  regUeist  that  it  be  incorporated  for 
the  record. 

Hji^her  EduLatiop'is  Ai^enda  repre^ent^  the  collective  thiiikm^^  of 
all  isectorb  of  the  higher  education  community.  I  >\ould  urge  the 
Committee  to  ajiibiJer  oui  tetonimeiidation^  for  the  fol)o>\in^  pro- 
l^ramb  at  thv  NSF,  a  program  providing  uppurtunjtiei>  for  teachers^, 
>oung  ^holarb  and  rewartherh  through  expanded  {graduate  fellow- 
bhipb,  new  tiainiv;>hij)s  and  faculty  resscarcn  awanib*  a  program  to 
upi(rade  and  improve  instructional  pro^^ramb  at  all  levels,  a  pro- 
gr.im  to  up^Taile  in^tructioinl  eijuipiiient  and  its  utili/ation,  and  a 
program  to  btren^'thon  educational  re^tMrch  in  bcJencc  and  math- 
ematics, 

\\V  think  that  tlicise  prograr,^  should  be  an  important  part  of 
an>  expandrcf  NSF  role  in  science  education.  There  should  be  a 
new  and  expanded  prut;(am  of  opportunities  fur  teachers,  young 
scholars  and  researchers  through  expanded  fellowships,  new  trajn- 
i^e^hip^  n  retire  h  incentive  awards,  and  faculty  awards  for  summer 
^tudv.  Thtv^e  sliuuki  iiurease  the  pioduction  of  scientists,  engineer- 
ing faculty »  researchers  and  science  educatur*s  and  to  upgrade 
teaching  faculty 

There  are  four  programs  we  believe  should  be  supported  in  this 
area.  An  ex^Kinded  graduate  fellowship  program,  a  new  traineeship 
program  m  scieiue,  techiioIug>  and  mathematics  educators,  a  new 
faculty  research  incentive  awards  progr.im,  and  a  new  program  of 
faculty  awards  fur  slimmer  >tud>,  sabbaticals  and  special  reiiearch 
opportunitit*SL 

We  prupo>e  a  new  program,  also,  to  improv^j  undergraduate  in- 
struy^tional  prugtams  anJ  to  develop  school  and  college  materials 
lor  mathematics,  science  and  technulog>  education.  Priority  areas 
within  that  category  would  include.  The  restructuring  of  subject 
matter  of  science  courses  to  reflect  ijtate;of-the-art  technology  and 
changmg  needs  of  undergraduates,  applying  teaching  and  learning 
re*search  concepts  tu  the  development  of  mathematics,  science  and 
technology  and  instructional  materials  for  schools  and  colleges. 
Thi^e  two  Items  would  be  priorities  among  the  ones  listed  in  the 
full  testimony. 

With  respect  to  a  program  tu  upgrade  undergraduate  instruc- 
tional ei|uipment  and  its  utili/^ation,  we  propose  a  t^vo-part  pro- 
gram for  the  a^ijuisaion  and  installation  of  modern  instructional 
eiiuqjiiieiit  lor  um-  in  teaching  and  training  for  teachers,  and  the 
shanng  of  science  equipment  among  institutions  regionally  and  be- 
tween the  academic  and  business  sectors. 

We  further  suggest  thtit  a  balanced  program  is  needed  involving 
till  Fetleial  ageny.*es  that  ,^upport  research  and  related  educational 
program^  tv  make  the  a^Hui,^itiuii  of  e(|uipnient  and  the  renovation 
of  laboraturies  an  allow^tble  comfHjnent  of  research  prOj)osals. 

VVith  re*spt\t  to  p^^.^ollege  teacher  training  I  would  like  to  com- 
ment that  in  the  past  jetirs  NSF  has  conduct^-d  highl>  succc»ssfiil 
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iiibtituteh  that  }>iu\aK'tJ  htxon<ltiry  t>choul  teachers  with  indepth  scr 
eiitific  kiiowlt'ilge  Tll^^t■  iii^tltuteb  have  positively  impacted  on 
man>  thousands  of  teachyrs  and,  in  turn,  upon  their  students- 
Fiscal  19*^3  NSF  Appropriations  Act  rt*guirt*s  that  an  activity  at 
the  prevoUege  lt*veL  primarily  aimed  at  mathematics  and  science 
teacher  training  in  the  secondary  schools  be  established.  The  out- 
come thib  plan  btill  somewhat  uncertain,  but  I  do  want  to  ac- 
knowlodgt*  in  a  vt*ry  punitive  w<i>  the  role  that  the  NSF  has  played 
in  tht*  payt  and  will  continue  to  play  in  fiscal  1983  in  precoltege 
teacher  training  programs. 

This  committer  recently  called  for  the  establishment  of  summer 
in^^tituteb  and  workbliupss  for  precollege  teachers  to  be  supported  by 
both  the  Department  of  Education  and  the  NSR  We  regard  this 
dual  support  system  as  a  positive  step  forward. 

With  rt*ispi'c't  to  a  pro^jram  to  strengthen  educational  research  in 
scit*nce  and  mathematics*  the  NSF,  in  consultation  with  the  Na- 
tional Institute  of  Education  and  the  cognitive,  engineering,  and  in- 
formation science  programs  in  the  research  directorates,  should  be 
authorized  to  conduct  rebearch  and  development  activities  in  the 
rolluwiiig  art*ti^>.  Cognitive  science  applied  to  math  and  science 
Jetuningi  instructional  uses  of  computers  and  other  information 
technolo^,  and  the  increased  understanding  of  higher  order  aca^ 
demic  skills  related  to  future  learning  and  work. 

The  program  support  should  focus  on  the  use  of  research  and  de- 
velopment for  improvemtint  of  j^chool  and  college  instruction  in 
math,  science,  and  technology. 

I  would  Itkc  to  address  a  couple  of  other  items  briefly,  Mr  Chair 
man.  Thert;  hab  been  some  discussion  with  respect  to  the  matching 
funds  component.  Many  State  initiatives  now  provide  for  matching 
funds  from  non-State  resources  and  in  the  Federal  area^  matching 
funds  for  non  Federal  resources.  I  would  say  that  on  the  basis  of 
our  institutional  experience  this  is  a  fine  principle*  articulating  the 
private  and  public  sectors. 

I  should  say  we  as  an  institution  have  benefited  from  this  princi- 
ple of  matching  funds  but  there  nevertheless  is  a  caution  that 
ought  to  be  advanced.  Some  institutions  with  respect  to  matching 
are  placed  at  a  distinct  disadvantage  in  their  competition  for  the 
matching  funds.  For  example,  some  institutions  may  suffer  a  geo- 
graphic disadvantage.  They  may  not  be  in  proximity  of  corpora- 
tions or  private  t^ources  of  matching  funds.  Some  institutions  may 
b(^  too  ^mall  to  mount  any  significant  fund  raising  or  development 
effort. 

With  respect  to  the  possibility  of  an  institution  raising  funds 
from  nonpublic  sources,  clearly  an  independent  institution  may 
enjoy  an  advantage  inasmuch  as  mc^t  of  its  funds  would  be  non- 
public funds- 

With  respect  to  the  issue  of  those  institutions  better  known  than 
othenivi  the  prestigious  institution  may  be  at  a  distinct  advantage  in 
obtaining  matching  funds. 

Finally,  and  I  supp*.  e  this  is  a  comment  very  specific  to  my  in- 
stitution and  other  institutions  which  are  perhaps  midway  through 
a  fund-raising  campaign  or  which  have  completed  a  fund  raising 
campaign,  they  ma>  be  at  a  disadvantage  with  respect  to  timing  in 
any  ability  to  match  inasmuch  as  they  have  to  go  back  to  the  very  , 


same  corporatiuri»  and  fuundations  ^which  may  have  supported  a 
past  effort,  go  back  to  them  again  with  the  likely  response  that 
they  will  have  to  wait  for  their  turn  which  may  be  several  years 
down  the  road.  They  may,  in  fact,  lose  an  opportunity  to  jobtain 
matching  funds  whether  it  would  be  on  a  State  matching  fund 
basis  or  a  Federal  matching  fund  basis. 

Thank  you  very  much,  Mr,  Chairman, 

[The  prepared  statement  of  Dr,  Fenster  follows;] 
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na^  fs^dul  F«nbter  And  I  dm  Presfdent  of  The  flew  Jersey  In- 
stitute of  Techno loay  In  fievfarki  Hew  Jerseyi  a  position  I  have  held  for 
tti   lASt  five  years.   Prior  to  assucning  the  Presidency  of  Hew^persey 
Institute  of  Technology  I  wa^  Ch^inMo  of  the  Department  of  He^iianical 
Cngineenngi  Associate  ^^^^  of  Engineering  and  Provost  at  Farleigh 
Dickinson  University.    1  received  a  Wi  front  CUy  University  of  flew 
Vorki  an  HS  from  Columbia  Untversuyi  and  a  Ph.O.  from  the  University  of 
MKh^gan.    !  am  a  inembe.  of  the  American  Association  for  the  Advancement 
of  $<:1ence>  American  Society  for  Mechanical  Engineering  and  African 
Society  for  Engineering  Education. 

I  ain  pleased  to  h^^ve  the  opportunity  to  once  again  appear  before 
this  Cgmntittee  to  testify  on  the  FY  ig$4  fiational  Science  Foundation 
Authorization  6111*  with  particular  emphasis  on  science  and  engineering 
education.  ^ 

I  represent  3$4  mernbci  institutions  of  the  Ajnerican  Association  of 
State  Colleges  and  Universities  and  am  currently  Vice  Chairman  of  us 
Coirmittee  on  Science  and  Technology^    I  am  also  sPeaking  on  behalf  of 
the  £0  associations  who  participated  in  the  development  of  "Higher 
E<lucation's  Agenda  in  Science>  Mathematics  and  Technology  Education." 
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Hith  i  cotnbtned  cnrollcncnt  of  clooe  to  2  \/2  miUUti  students^ 
the  354  stiite  colleges  and  universities  of  AASCU  enroll  one  out      fife  c^f 
all  baccalaureates  degree  stu<lents  In  the  country.   Our  Instltutlof.s 
Play  a  maJer  role  In  our  nation's  science  effort.  Hsny  ottdents  who 
oltliMtely  pursu'}  advanced  degrees  In  scientific  and  technical  fields 
receive  their  basic  undergraduate  training  ^t  our  institu^j^r.s.   A  1&r9e 
portion  of  the  nation's  future  elementary  and  secondary  school  sc1e»)ee 
aitd  mathemtlcs  teachers  are  educated  at  AASCO  colleges  »nd  universities 
Tnese  teac^kers  loust  be  able  to  ccomuncate  the  knowle^£  arJ  skills  that  / 
will  eiiable  our  youth  to  Ilye  in  an  Increasingly  comf>*^x  and  techioloijy^ 
dependent  society.  ^AASCU  Institutions  award  clote  to  one-fifth  of  this 
B.S.  degrees  In  engineering  annually  And  over  one-tnird  of  the  S^S^  de- 
greees  in  coniPuter  And  Information  sciences*  ^ 
Oirrent  Crisis  In  Science  Education 

Ihls  cofrmlttee  is  well  aware  of  the  current  national  crisis  in 
sclencet  mathematics  And  technology  education.   During  the  course  of 
your  recent  hearing  on  K.lt,  1310»  testlinooy  was  introduced  that  pointed 
to  the  decay  In  our  scientific  educational  system:, 

0  documented  declines  1n  student  achievei^nt  In  mathematics 
and  sclerices.   Average  science  and  mathematics  scores  on 
Standardized  college  entrance  tests  have  been  dropping 
steadily  for  20  years* 

0  a  serious  shortage  of  qualified  mathematics  ^nd  science 

t 

teachers.   During  th^  1970*s  the  number  of  seconda»7 
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school  mathemAttc  teachers  being  traine<t  declined  77  per^ 
cent;  science  teachers  being  trained  declined  65  percent* 
Some  50  percent  of  n^-fly  eit^loj^d  teachers  nationwide  are 
currently  uncertified  and  unqualified  to  teach  riathematics 
and  science  This  situation  Is  exacerbated  by  the  r^p^<l 
departure  of  trained  classroom  teachers  for  better  paying 
jobs  In  Industry; 

0  at  least  2,000  vacant  faculty  positions  In  university  en- 
gineering departnients.   These  vacancies  have  resulted  in 
enrollinent  llmU^  which.  1n  turn,  iritpede  the  training  of 
adequate  number  of^B,S*  engineers; 

0  the  Obsolescence  of  much  of  the  Instrumentation  and  equips 
ment  used  in  college  and  university  laboratories  has  been 
well  documented* 

0  tens  of  thousands  of  technician  openings  are  going  begging 
even  as  tiie  national  "te  of  unwploym^t  approaches  11 
percent.   The  Congressional  BudQet  Office  projects  that  new 
technologies  will  make  three  million  more  Jobs  obsolete  by  the 
end  of  this  centuryi 

0  secondary  Students  are  tahing  fewer  courses  in  math  and 
science  than     years  past,  and  fewer  courses  are  being  ■ 
offered^   Half  o'l  all  U.S*  high  school  students  take  no  mathe^ 
matlcs  after(tne  tenth  grade*  while  In  other  Industrallzed 
nations^  particularly  Japan  and  Genoany^  Increasing  enphasls 
Is  being  placed  on  science  and  matJvematlcs  education: 
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0  since  1972  there  h«s  t^een  a  $4  percent  decHne  in  the 
nutri^er  of.  P-hTOT-^^-^wartM-  in-engineerifig  ^yearly  to  U,S* 
nationals^  while  Ph.O.*s  in  engineering  awarded  to  fcrei9n 
s^^udents  have  more  than  cfcubled;  and 

0  JaPan>  one  of  oyr  priinary  competitors  in  the  world  market- 
pUce»  Produces  twice  as  mai^  engineers  as  we  do  even 
though  their  population  base  is  half  ours.   Froni  }$70  to 
1977  ttie  number  of  engineers  per  UOOO  workers  increased 
by  46  percent  m  JaPan  and  decreased  by  nine  percent  in 
^^"the  U,S, 

There  is  a  bipartisan  recognition  of  this  growing  crisis.  Pre- 
sident fieagani  in  a  jJiessage  to  the  \^BZ  National  Acaden\y  of  Sciences 
Convocation  on  Science  and  Mathematics  in  the  Schools »  declared t  "The 
problems  today  in  elementary  and  secondary  school  science  mathematics 
education  are  serious  —  serious  enough  to  comprise  America's  future 
ability  to  develop  and  advance  our  traditional  industrial  base  to  compete 
in  international  niarket  Places*"  The  Special  Task  Force  on  Long  Term"'- 
Economic  Policy  of  the  HOuse  Defwcratic  Cayc us  observed  in  the  rePOrt  Re 
building,  the  Road  to  OPPortanity:    "in  the  futur^*  a  well-educated,  well- 
trained  workforce  will  be  essential  to  sustained  economic  growth  ...  the 
future  will  be  won  with  brainpower. . >  The  research  we  must  undertake  to 
produce  new  technologies  requires  talent     yet  we  are  not  graduating 
Sufficient  numbers  of  scientists^  engineers  and  technicians* 
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Although  there  h  now  general  agreement  on  the  dimensions  of  the 
prob1e<n*  there  Is  no  consensus  on  the  solution^  Constructive  actions 
at  the  Institutional!  local i  statei  and  national  levels  are  necessary 
to  forestall  a  further  deterioration* 

THE  ROLE  OF  THE  HATrOtiAL  SCIEHCE  FOWPATION 

I  strongly  believe  that  the  Hatlonal  Science  Foundation  (NSF) 
must  play  a  leading  role  In  restoring  the  health  of  American  science 
education. 

Uhen  Che  National  Science  Foundation  was  established  1n  19S0i  It 
was  authorized  and  directed  to  "initiate  and  support  basic  scientific 
research  and  programs  ...  aji^  science  education  programs  at  all  levels/ 
The  educational  ntandate  of  the  /National  Science  Foundaticii       been  an 
Integral  part  of  our  nation's  scientific  establishment  since  that  time. 

Me  believe  that  the  reasons  for  the  Foundation's  charter  in  science 
and  engineering  education  remain  as  valid  today  as  they  did  In  1950  and 
that  ade^tuate  fund1n9  for  science  and  engineering  education  niust  be  re- 
stored ^ 

The  MSF'£  support  of  science  and  engineering  education  has  been 
crucial  to  my  Institution.    Currently  t4JlT  has  a  large  and  successful 
Center  for  Pre*College  Programs.    The  aim  of  these  programs  is  to  pro- 
vide disadvantaged  students  —  niany  of  them  from  minority  groups  with 
the  technical      Us  necessary  to  pursue  career*  m  the  sciences  and  engineer* 
Ing.    \i  is  a  demanding  programi  but  92  percent  of  our  Participants 
successfully  complete  It  and  go  on  to  college- 
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The  HSF  oHglnally  funded  support  for  this  progrini  and  It  served 
245  students.  H1th  this  In  operation,  we  Were  able  to  30  to  the  cor- 
^    porate  and  Industrial  cocmunity  for  additional  support,   How  the  pro- 
gram serves  1  ,000  students.    The  9<^verninent  seed  noney  stloiulated  an 
investr»ervt  by  private  industry  that  ^as  2  l/£  tiioes  the  original  federal 
support.   Having  worked  with  the  private  sector  to  build  this  program. 
I  kno>f  that  the  federal  support  was  the  crucial  'atalyst  in  attractfng 
.Industrial  funds, 

-FY  1984  HSF  BUDGET  AtfTHOftlZATlOH 

Hy  appearance  before  this  Cooraittee  today  is  in  harked  contrast  to 
the  situation'that  confronted  me  in  1^82.   The  Administration's  budget 
request  for  science  education  was  restricted  to  maintaining  the  status 
quo  for  the  fellowship  programs*   DurinS  the  course  of  this  oast  year 
there  lus  been  ^  g^^wing  recognition  of  the  Inqwrtance  of  a  revitalized 
Federal  role  for  science  education^  This  trend  has  been  manifested  in 
numerous  legislative  proposals*  wi<tespread  media  attention  ^^td  Congressio- 
nally  approved  increases  for  science  education  funding  at  the  National  ' 
Science  Foundation^   Finally*. the  FY  1934  Administration  request  for  science 
education  not  only  Increases  the  funding  level  but  also  expands  the  pro- 
gram scope.  \' 

The  Comlttee  on  Science  and  Technology  Is  to  be. congratulated  on 
its  role  during  the  past  year.   Earlier  this  week,  the  Committee  approved  , 
a  major  legislative  proposal »  n^fi.  i310.  Ernergency  Kathematlcs  and  Science 
\  Education  A<it.  This  $425  bill  will  provide  assistance  to  both  precollege 
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and  post  secondary  institutions  and  h  an  lnoortant  f1>"st  step  In  re- 

V 

Storing  the  Nalth  of  American  srJence  e<tucat1cn.   Chalnnan  Fuqua  and 


jther  meaibers  of  the  Conmlttee  aVe  to  be  applauded  for  Uielr  ef« 
forts  tn  (DOv^ng  this  leglslatjon  forward  early  In  thU  Congressional 
session  and  for  their  spirit     cooperation  In  tnorklng  to  resolve  their 
differences  with  the  Education  and  Labor  CommitteCf 

Building  upon  this  ^nltlatlv^  In  K*ft.  1310>  I  now  urge  the  Com- 
rolttee  to  take  similar  positive  steps  In  approving  a  FY  igw  National 
Science  Foundation  Authorization  bill  that  adequ£^e1y  reflects  the  needs 
of  th^s  nation  In  sc^lence  education  and  Is  consistent  with  the  critical 
nature  of  the  problei». 

:  ti^ould  like  to  positively  coEntient  on  several  aspects  of  thp  Ad*  * 
ministration's  FY  ig84  budget  request; 

o  $3g  ninton  requested  for  science  and  engineering  educa* 
tlor   Including  $19  ntllllon  for  graditate  fellowships  plus 
$30  million  for  new  precollege  teacher  Improvetnent  programs; 
0  $3  million  requested  for  undergraduate  college  research 
support  to  enC(Hjrage  Involvement  In  research  by  under> 
graduates  enrolled  at  predominantly  undergraduate  in- 


stitutions* X 
In  additloni  to  these  education  functions  the  National  Science  Foundation 
proposes  substantial  incr    ^e^;  in  its  research  budQet*  particularly  In 
the  mathematUal  and  physical  sciences  and  engineering.   The  budget  also 
calls  for  a  new  pr^i^rani  of  Presidential  Voung  Investigators  Award  and  a 
wjor  initiative  to  support  research  Instrumentation  needs.   We  are  sup* 
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pprtWe  of  all  tHese  efforts  and  urge  the  Comltte     ^  dPProv^.  these 
increases  and  progr^s. 

The  Admift1stration*s  request  for  scier.e  education  fundinj^  fo^ 
19d4  request  1s  an  Important  foundation  for  this  Conmittee  to  t^uHd 
upon  tn  setting  Its  own  budget  priorities,   we  are  douttfuK  ho^ev^r, 
that  the  levels  of  funding  requested  t>  the  Administration  are  adequate 
in  terms  of  actual  needs.   Ue  believe  that  funding  levels  cn  the  ord^r 
of  $130  mtllion*  as  recoinnei^ded  by  this  Committee  for  H.R.;  1310*  are 
quired  to  r^nalt  hsf  programs  to  acitleve  their  Intended  imPact. 

Furthernioref  I  feel  that  during  these  authorization  hearings  the 
Coocmttee  should  not  lose  sight  of  the  National  Science  Foundation's 
n4ndate  to  suPP'^rt  science  education  programs  that  are  not  "emergency" 
1n  naturei  as  defined  in  ft.f^^  1310.   These  compelling  long  range  needs 
bear  upon  the  caPabillU  of  higher  edu^^tlon  to  ensure  the  prediction  of 
new  knowledge  and  skilled  manpower*  n^essary  for  olj  lohg  range  economic 
welfare  4nd  m11itar>  security.    CleaHy*  there  is  a  continuum  in  the 
decline  of  science  education  capacities.    H.A.  1310  treats  one  aspect  of 
this  contlnuutTi  but  the  National  Science  Founoatlon  mu:t  look  to  the 
extended  dimensions  of  the  current  Prnblems.   Therefore*  I  urge  this 
Cormtitt^  to  authorize  science  education  programs  at  the  National  Science 
foundation  that  will  provide  cont^nuit)^  of  support  for  its  m^nditted  edu- 
cational function.   ^.11^  1310  together  with  a  broad  based  authorization 
for  science  ."aucatiort  at  NSf  will  serve  «s  an  important  foundation  for 
preventing  further  orosions  in  our  nation's  science  education  efforts* 
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As  guidance  for  the  Connlttee's  efforts  to  determine  actual  needs* 
I  would  like  the  CoinnUtee  to  ccr^^lder  the  suggestions  contained  In 
"Higher  EiJwcatlon's  Agenda  In  Hatheoatlcs  Science  and  Technology  Educa- 
tion."  A  coP>  of  this  dociment  Is  attached  to  toy  testimor^y  and  I  t^e- 
quest  that  it      incorporated  In  the  record*   Higher  Education*5  Agenda 
represents  the  collective  Chinking  of  all  seel  ^^s  of  the  hfgher  educa- 
tion coffr>un1t>*   It  contains  specific  programtic  suggestions  for  Federal 
support  of  science  education* 

I  woulo  urge  the  Coirmlttee  to  consider  our  reconriendations  for  the 
following  proarams  at  the  Natlf^nal  Science  Fo'indatlont 

0  a  program  providing  opportunities  for  teachers*  young 
scholars  and  researchers  through  expanded  graduate 
fellowships*  new  tralneeshlps  an<J  faculty  research 
awards* 

0  a  program  to  upgrade  and  ItnProvc  instructional  Programs 

at  all  levels* 
o  a  program  to  upgrade  Instructional  equipment  and  its 

utilization;  and 
0  A  Program  to  strengthen  educational  research  In  science 

and  jnathematics 

think  tnat  tnese  Programs  should  be      import^fit  pert  of  any  ^ 
panded  National  Science  Foundation  role  In  science  education* 
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^  Prograra  of  QoportuMtlgs  for  TetcKerst  Yoortg  Scholars  a^d  Researchers 
ihrou^h  £;tPaTide<l  leTrowsEjjSj  Hew  TraitieeshfPsi  Research  Incentive  AwardSi 
a^j^  faculty  Awards  for  Sumner  Studjf 

We  Propose  the  esUbltshtnent  of  a  series  of  new  and  expanded  pro- 
grams to  Provide  fellowships,  trjlneesh^ps .  summer  study  suppon*  re- 

>  -  - 

search  Incentive  awards,  and  f^curty  rertewa)  awards  to  Increase  the  pro- 
duction of  scientists,  engli^^^ertng  faculty,  researchers  and  science 
educators,  and  to  uP9rade  teaching  faculty. 

Fowr  Programs  should  be  supported  in  thts  area; 
{1)  An  expanded  Graduate  FellowsJitp  Program.   The  struc- 
4  ture  l**d  effectiveness  of  the  HSF  Graduate  Fellowship 

Prog'^ant.  ooce  a  Pnrnfer  s>mbo1  of  the  nation'^  cotnnft- 
laent  to  excellence,  has  diminished  steadily  over  the 
years.   The  MSF  fellowship  program  should  be  expanded 
by  Increasing  the  number  of  ^awards  j^nd       anx^unt  of 
the  stipends 

[2)  A  new  TraineesMP  Program  for  science,  technoloqy  and 
fnathematks  educators.   Trainees  would  be  selected  by 
participating  departments*  schools  and  institutions 
front  among  individuals  with^detnonstrated  potential  to 
excel  as  science,  technology  and  mathematics  educators 
at  elementary/secondary  and  undergraduate  levels^  In-^ 
siitutiCns  receiving  tralneeshlps  would    ther  education 
specialists  and  faculty  frcm  departA(kents  of  science.  . 
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(DAthematKs  and  techivology  to  create  for  the  trainee 
a  nev  or  Id^Proved  quality  program  for  preparing  the 
next  generation  of  $dence  educators- 

(3)  A  new  Young  Faculty  Re searctr.  Incentive  Awards  Pro- 
gram, The  challenges  facing  young  faculty  who  seek 
to  esubllsh  their  first  research  programs  are  al- 
tnost  oven^helmlng.   A  program  offering  stable  sup-  ^ 
port  (averaging  $50*000  per  year  per  award)  to  as- 
sist the«i  111  starting  academic  research  careers  would 
help  to  sustain  the  quality  and  flow  of  Individuals 
into  key  fields  of  science*  niathematfcs*  engineering 
and  technology.  This  Is  similar  to  the  Presidential 
Young  Investigators  Award  Program  proposed  by  the  Ad- 
nfrlstration, 

(4)  A  new  program  of  Faculty  Awards  for  sunmer  study t 
sabbaticals^  and  special  research  opportunities* 
This  Program  would  Provide  awards  for  summer  support 
to  penitit  currently  employed  faculty  to  take  advantage 

of  upgrading  opportunities*  and  d  progrant  f^^^  experienced 
faculty  for  six-  to  twelve-nwith  periods  at  salary 
equivalent  to  current  levels  to:  (aj  penult  revltallza- 
tlon*  and  experience  with  new  research  techniques  and 
advanced  research  discoveries  for  those  who  have 
been  isolated  frcoi  researcii  institutions  and 
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cenUrs  for  s1;t  or  more  years;  and  (b)  Provide  for  in- 
tensive deve'lopToent  of  teaching  techniques  and  matertals 
in  prob1«ci  areas.    Awards  stiould  t>e  provided  on  a  com- 
petitive basis  to  Individuals  wtiose  instituti<jns  certify  that  the 
appMcant^s  principal  function  Is  undergr actuate  Uach- 
in^  In  a  science^related  discipline. 

A  Program  to  Upgrade  and  Improve  InstroctionalJ^i^ograflis  In  tiathematlcs^ 
Science  and" Techno logy  at  All  leveTi  ~ 

Continuing  detnands  are  placed  on  science  e<tucators  to  keep  Pace 
^)th  evolving  technological  Innovations.   Updated  Instructional  ^terials 
are  needed  to  enhance  student  inotivation  and  to  advance  the  lagging  state 
of  science  learning.   The  need  for  new  instructional  materials  is  Par- 
ticularly acute  at  ttie  undergraduate  level  for  both  general  students  and 
engineering  maJorSi 

Ue  propose  A  new  Program  to  itnprove  undergraduate  instructional 
programs  and  develop  school  and  college  iftaterlals  for  matheindt1cs»  science 
and  technology  education. 

Priority  areas  Include: 

(1)  restructuring  subject  matter  science  courses  to  re- 
flect state-of-the-art  technology  and  the  changing 
needs  of  undergraduate; 

(Z)  applying  teaching  ^nd  learning  research  coiscePt*  to 
the  develoP^nt  of  mathematics*  science  and  tectinology 
Instructional  materials  for  schools  and  coHeges;  and 
.    (3)  sttmulatlng  collaborative  educational  Institution/In- 
dustry efforts  in  tlie  developtnent  of  ImProved  Programs 
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for  Si^hools  and  colleges. 


A  Proaram  tO  Upgrade  Undergraduate  Instructlpfval  Equlpa^nt  and  Its 
titiliiatlon^ 

The  outmoded  condition  of  the  instrucCfonal  eQulDtcent  In  the 
nation's  colleges  And  uulvers Jtles  Is  well-documented*  The  absence 
of  state-of-the-art  equipment  an^  facilities  has  ictnediate  cons e<)uences 
in  the  preparation  of  toda>'s  students^  and  far-reaching  ircpHcations 
for  the  itatiDn's  ability  to  renain  scientifically  and  tectinologlcally 
competitive, 

Ue  Propose  a  two-part  progr^'for: 

(1)  acquisition  And  installation  of  modern  instructional 
equipment  for  use  in  teaching  and  training  for  teach^ 
ing;  and 

(2)  Sharing  science  eQuipfnent  among  Institutions  regionally 
and  between  the  academic  6f)f^  business  sectors, 

0  We  further  suggest  that  a  balanced  program  is  needed  involving  all 
federal  agencies  that  suPPort  research  and  related  education  Programs 
to  make  the  acquisition  of  equipment  and  renovation  of  laboratories  an 
alloif^able  component  of  research  proposals; 
A  Programs  for  Precolleoe'Teacher  Training 

In  addition*  I  would  like  to  comment  c<i  the  National  Science 
Foundation's  rote  In  teaclwr  tratnfng.    In  P^^t  /ears  1  the  ifallonal 
Science  Foundatiotv  has  conducted  hlghljr  swccessful  Institutes  that  pro- 
dded secondary  schools  teachers  with  IndePth  scientific  knowledge.  These 
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Institutes  have  PosttWelj  Wacted  on  fwny  thousands  of  teacher*  and» 
\n  turn*  upon  thetr  students.   The  FY  19S3  NSF  Appropriations  Act 
(P.L.  97*£7£)  re4ufr«s  that  an  activity  at  the  Precollege  level* 
primarily  Atmed  at  mathematics  and  science  teacher  training  in  the  ^«con- 
^ry  schools  t>e  established.   The  outco(i:ie  of  this  plan  is  still  sorne  uncertain 
but  J  do  N&nt  to  acknowledge  in  a  very  positive  k^ay  the  role  th&t  the 
National  Science  Foundation  has  played  in  tlie  pa|!l,  and  will  continue 
tq  pT^  In  FY  igS3*  In  precollege  teacher  training  programs. 

This  Cocnnittee  recently  called  for  the  establishment  of  suivner  In* 
stitutes  and  workshops  for  precoUege  teachers  to  be  supported  by  botli 
the  Department  of  E4ucat1on  and  the  National  Science  Foundation.   Ue  re- 
gard this  dual  support  system  as  a  Positive  itap  forward. 

The  National  Science  Foundation  Institutes  draw  upon  ^he  highly 
technical  dnd  scientific  knowledge  th^t  is  necessary  to  upgrade  the 
sLbJect  {natter  content  of  the  teacher.  As  a  Federal  science  agency  k^lth 
broad  ties  to  acadefnic  sciences  and  engineering*  KSF  has  a  unique 
responsibility  to  foster  ^he  Involvement  of  professional  scientists  and 
engineers  In  the  1(»Provement  of  education  in  the  sclencesi  mathematics 
and  technology  at  all  levels.   Tnis  Is  particularly  imponant  because  of 
the  raPId  advances  of  these  fields. 

Howevor*  it  Is  equally  Important  that  the  teacher  know  how  to 
effectively  cociRunlcate  in  a  classrootn  setting  this  newly  acquired 
scientific  knowledge.   The  Oepartirent  of  Education  has  a  role  to  play  In 
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seeing  that  this  common  kit  ion  takes  Place.  We  also  feel  that  the 
Dfipav'tjnent  of  Education  suPI^orted  Institutes  will  provide  an  Wortant 
link  beti^n  institutions  of  higher  education  and  local  schools 
school  districts,   tfe  think  thu  this  link  ^s  an  essential  Ingredient 
in  Iniproving  tt)e  science  and  math  that  Is  taught  in  the  PrecoMe9e-class 
rocn.    The  establishntent  of  precollege  teacher  training  activities  at 
both  tht  Departn>ent  of  EducV^^on  and  ihe  ilational  Science  Foundation 
win  help  us  to  reach  our  goal      an  improved  sysieai  of  precollege^  math 
an<f  science  education. 

A  Pnaraw  to  strengthen       Educational  Research  in  Sciertcc  and 
Mathematics 

The  National  Science  Foundation*  1n  consultation  wiih  the  Matlonal 
Institute  of  Education  (NIE)  and  the  cognitive*  engineering^  and  Infor* 
[nation  science  Programs  In  the  research  directorates*  should  be 
authorlttd  to  conduct  research  and  development  activities  in  the  follow-^ 
Ing  ar'eas.    cognitive  science  applied  to  matn  and  science  leatiting*  the 
Instructional  uses  of^xo^nputers  and  other  information  technologies*  and 
the  Increased  understanding  of  higher  order  academic  skills  related  to 
future  learning  and  viork.   Program  support  should  fo^us  on  the  use  of 
re^edrch  and  development  for  Improvement  of  school^  and  college  Instruc 
tion  in  mathematics*  science*  and  tecSnology, 

NSF  and  NIE  should  work  to9ether  and  draw  upon  their  Particular 
strengths.   NSF,  with  the  ties  to  PractlcInQ  scientists*  engineers  and 
basic  research  directorates*  will  be  In  a  position  to  work  In  the  areas 
of  computers  and  Information  technologies*  and  to  apply  basic  research 
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In  hunan  cggnUK^n  li>  leai^nlng  and  Instructional  prograni  deve1oPfi»nl 
aclivUles.   KiE  has  the  assocld«.ions  wUh  education  policy  makers  and 
practicing  educators  In  schools  and  colleges*  and  has  the  capacity  to 
a^rQm  teacher  and  learning  research  with  tlie  substantive  Instructional 
areat  of  mathematics  and  scietice* 

Both  agencies  should  consult  on  the  develcpn^nt  of  R  &  D  agendas* 
^^i'  selection  of  peer  reviewers  {to  assure  high  quality  work)i  and  the 
disseratnatfjn  of  R  t  0  results* 


1  appreciate  the  opportunity  you  have  given  fne  to  appear  before 
this  Cofimittee  and  will  be  happy  to  answer  any  of  >our  Ouestlons. 
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rtlGHiB  EDUCATION'S  AGENDA  IN 
J'ATKEWTICS.  SCIENCE  AND  TECHNOLOGY  EDUCATION 


F^tirKa'^  productivity,  economic  ^eUartj  And  national  defense  dre 

 ^J^^th^  i  ovL^ng  .cri^sis  in  aur  etiucatioj  systeo**  Jiwarene;ss.  of_ thiS  — 

probl^  Bdnlfested  itself  during  the  97th  Congress  m  numerous  legislative 
proposAlst^  reports  of  the  NAClon^l  Science  Soard  ConiDlsston  on  Precollege 
Education  fn  MathesQatlcs*  Science  iXnd  TechiVdlogOi  the  proliferation  of  private 
sector  proqraas,  and  widesP>|ead  media  attention. 

The  dimensions  of  the  pi^blent  are  multlf^ceted  and  Permeate  our 
^ducat tonal  j/stefli  frjia-tttOrecoliege  level  to  the  cocjnunitj  collegei  the 
jndflrgraduate  classroor^s  ^nd  the  graduate  universities.    There  JS  considerable 
evidence  of  the  decline  of  our  Klentlfic  educational  ^^steo; 

«   documented  declines  in  student  achieveinent  In  mathematics  and 
sciences.   Average  science  and  mathematics  scores  on  standardized  college 
4     entrance  tests  have  been  dropping  steadily  for  years; 

«    a  serious  s^nortage  of  quauried  matheinatics  and'science  teachers. 
Ounng  the  :970's  tje  number  of  secondary  scJiool  r^ather^atics  teachers  being 
trained  rjectlned  77  percent:  science  teachers  teing  trained  ^eo^'incd 
^5  Percent.   Some  50  percent  of  newly  employed  teachers  nationwide  are 
curremT/  uncertified  and  unqualified  to  te^ii  jnat hematics  and  science.  Jhis 
situation  ts  exacerbated  by  tne  rapid  dep^ture  of  trained  Cla'.sroom  teachers 
TOr  better  Da>mg  JoOs      industry;  / 

•  at  least  2,000  vacant  fac^>lty  Positions  in  university  engineering 
Jeoartinents-   These  vacancies  have  resulted  m  enrolljrent  limits  vhtch^  in 

inipeoe  cne  training  of  adequate  n(Ni:bers  of  B.S.  engineers; 

«   the  Obsolescence  of  much  of  the  instrumentation  and  equiP^^ent  used 
TFi  coMege  and  university  laboratories  has  been  well  docutitentedi 

♦  tens  of  thottsand^of  technician  openings  are  going  begging  even  as 
trie  national  rate  of  jne(i]plojfl;ient  aDoroaches  H  Percent.   The  Congressional 
budget  OffK^^  Projects  that  new  technologies  wiH  make  3  inilHon  more  Jobs 
josolete  &y  the  end  '^f  this  ^le^tury; 


«   secondary  students  are  taking  fewer  courses  m  titatr'  ind  science 
tfiifi  irt  /tjars  Past,  jnd  ^e«er  courses  are  being  offered.   Half  of  all  U.S.  high 
>cricoi  stuoentj  taxe  no  mathematics  af^er  tne  tenth  grade*  while  ^n  other 
inoustrtahied  nations.  Particularly  Japan  and  Germany^  Increasing  emPhasIs  1^ 
oeing  oUced  t>n  ^<;i<»f»C(*  and  ^"athemat^cs  education? 

«    since  .1572  there  MS  been  a      Percent  decline  in  the  number  of 
iwardea  m  ^figineertng  /eirly  to  'J-S-  nationajs^  wnile  Ph.Ot's  in  engi- 
nij*jrif»i5  iwar^ieo  to  foreign  students  have  irore  than  doubled:  ind^ 

#   ^ipait  ^re  o?  our  prtmary  competitors  m  the  world^fnartttPlace^ 
3rO(3uCttS  tjjiie  as  ^^n/  engineers  as  ^  ^o  even  though  their  copulation  base  *s 
nj:^'  ^urs.    rrsfn  ^^70      1977  tfte  r^unber  of  engineers  Per  KOCO  workers 
ircrtiii*;^!  &/      ^^ercont  in  Japan  ind  decreased  by  9_percent  m  the  li.S. 
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'nftra  7S  t>*parns-irt  reognUi-^n  0^  \rt}^  growing  cr>sK.  P^eSl^^$nt 
^i94r>^  I'x  1  ^es^age  to  tne  li*8i  National  A<;idt'ny  of  Sciences  Convocation  on 
^CTe^ctf  iitu  ^4tn«natKS  tn  the  Scnools^  decUred;    '*The  pro&lejns  tO<Jay  in 
t^^^nentir/  jr^o  siecoadiry  scnool  scfeacj  imy  rnatnem^tics  educitioa  are  serious 
■  -  s^jTotJi  ijnOag*)  to  cociprojui ss  America's  future  aGHit/  to  develop  in<J  advance 
.'jr  trjait^o*v^l  THJustrtai  saj*  to  CowPete  m  international  (naritetpUces.'*  The 
jpecMl  nst  force  on  Long  Term  Econonic  Policy  of  tne  T^oyse  Oejuocratlc  Caucus 
^Dse^'vea  *n  Tt^  f1^(^ort  ^e&ml^lng  the  fto.dd  to  Qpgorlijnuy:         tne  future,  a 
^eiNeduCited,  weM-trained  ^^orkforce  will  dc  essentiaTto  sustained  economic 
grohtft  .  .  .  the  future  wiM  be  won  i^ith  &ra>ni>ower  ,  ,  ,  The  research  tauil 
jndertatLe  to  produce  new  tecnnoiog>o$  requires  t^t^nt      yet  ue  are  not 
gra<l)taLKng_suff icient  fiumbers  of  scli^ntists*  engin-'ers  ^d  technicians." 

rjvgXed^rJl  ftole 

Altriough  there   v  no*<  general  aQretinent  on  the  dimensions  of  the 
pro&liim^  vitire  is  ao  /,onsensas  on  tne  solution.   The  higher  education  cocmumty 
vte>*s  tne  Current  cn^n  rfith  ihrn.   (-Qfistructive  ictjons  at  the  institu- 
tional, local,  stite*  and  flatioual  leveJs  are  necessary  to  fgresta?!  a  furtr>er 
deterioration.  ' 

we  Delieve  the  fedcra)  government  must  play  a  centra)  ro)e 
Provtiltn^  ^i!4dorsnip  and  Support  for  a  varteiy  qf  initiatives  outlin6<f  In  the 
u>Uo-iin^  pages.   Sustained  federal  investraeht  is  required  t»ecause  the  probJefltt 
are  niTTurtat^Ti  scope  and  because  failure  to  resolve  them  would  have  grave 
implications  ^or  our  national  ^ll-being  4nd  defense  capability.  These 
investments        (naximiie  the  return  on  scarce  federal  resources,  encourage  ' 
}gcat  imi  Tm)wi</tf4l  inttiactves,  rntn:intze  federal  control  of  these  efforts* 
inc  Provide  Incentives  for  collaboration  among  aU  sectors. 

^erica's  post secondary  institutions  —  two-year,  four-yearj  and 
gradi^ate  ^-  alt  nave  a  major  role  to  Play  in  restoring  our  economic  neaith  and 
&o)ster*ng  our  national  defense.    T^ieir  resources  should  be  directed  to  the 
Host  critKai  problecns  tnat  beset  the  science  education  system  so  that  ade<iuate 
nyrnbers  of  qualified  roathematics  and  science  scnooJ  teachers  will  be  trained* 
education  for  technology  and  science-related  careers  will  oe  Provided;  the 
prooer  research  envtronment,  experience  and  ton's  to  train  the  next  generation 
Df  scientists,  engineers  and  researchers  i^ill  be  encouraged;  and  research  to 
improve  ir\struCtion  and  tne  educational  uses  of  information  technology  will  oe 
^^upported.   4Uh)  suCh  steps  students  will  be  sufficiently  science-literate  to 
1  Tve'i'i  in  increasingly  technological  world  jal        tne  opportunity  to  prepare 

for  CJtreers  ^n  ^f>e  sciences,  jna  wittr^^rA^^^  e/^:^:;;*iJd  te>c*'e''S,  *»r>olrt<*ers .  

scientists  and  researchers  will  nave  opportunities  to  upgrade  ineir  skills. 

Thus  t«e  urge  the  98tn  Congress  to  enact  major  legislation  that  will 
enaole  coMeges  and  untverstttes  to  furtfter  fuUiIl  their  iwissfOn  as  a  vtta? 
TOrce  in  solving  the  current  sclents,  na^npmatics,  and  technology  education 
"^rfTiu.   Tne  Signer  education  co^mtumty  recogfiizes  the  interxelationship  among 
il'  [evtfh  of  education  m  n^soWmg  the  crisis  and  supports  the  efforts  of  the 
[>r**C'J^<^^],^  ,,?ctor  tg  ^ol^e  their  o*n  un»<lue  and  comptilhn^  problems.  Hoi«evert 
•hi.  if.jptT  itf^Tipts  ?nl/,to  Jddress  tne  crista  from  the  Perspectives  of  >jigher 
educatT 
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The  tiigher  educattoi*  comnunity      collectively  inted  it  the  end  of 
this  Paper  *-  supports  the  establishirent  of  f  iy«  new  Programs  to  be  atiminis* 
tereo  by  the  Oepament  of  Education  and  the  National  Science  foundation* 
Th«e  programs  represent  the  top  priorities  of  the  higher  education  connunuy 
■^^ardlng  scKflcei  ctathemdtics  and  technology  education.    Each  is  an  essential 
cotnponent  of  the  total  effort  needed  in  tnis  area, 

-  the 4epaT*tJnent' of  education^  we  propose  two  prograins;  a 

S200  enillton  program  for  teacher  training  initiatives  Co  improve  science, 

itathenatics  «nd  tecnnology^duCdUon^  and  a  S25  njUlLon  prograTo  to  strengthen 
educational  research  in  tt^se  ireas^ 

For  tne  rtatlonal  Science  Foundationi  ^  Propose  three  progra/n$;  a 
UGO  mlTlion  program  oroviding  opportanit^tes  for  teach^rs^  young  scholars  and 
researchers  through  e;ipanded  graduate  fellov^hipSi  new  tra^neeships  and  faculty 
research  awardSi  a  SSG  AiUlon  program  to  upgrade  and  iioprove  instructional 
~  Programs  on  all  levels,  and  a  S2D0  pniHion  progr^  to  upgrade  instructional 
e<iuip(nent  and  its  utilization. 

The  total  SS7S  million  dollar  federal  Investment  Proposf  "provides  a 
significant  nunber  and  variety  of  new  awards  to  individuals^ schi  s^.and 
coHegcs.   Coupled  with  locaU  state  and  Private  sector  Initiatives,  these  v 
progrjdts  riin  mai^e  a  substantial  contribution  toward  the  revitalization  of  tne 
science  education  in  the  nation. 

In  eooarjctng  on  this  new  federal  effort  In  sciencesi.  math  and  tech- 
nology education  we  must  acknowledge  tne  importance  of  a  sustained  national 
comnitoient  to  b<ts[t  research*   Without  <1uality  research  Programs*  the  education 
enterprise  will  **ither-   Our  pr<Vosal  for  new  federal  support  of  science 
educaticfl  should  be  viewed  as  an  integral  Part  of  this  coimiitment>  3oth 
research  and^educatlon  are  necessary  for  the  ecotiomlc  vitality  and  defense 
strength  or  Jhe  u,S-   Neither  should  be  funded  at  the  expense  of  the  other. 
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Titu,  A  f'^'cgrx^  ror  Tt^acn^r  rrfr<i>ini  Imtiatwtis  to  Improve  Sc^^j^ce^ 

Ajjency;  O^part^At  of  Education 

Authoruation;  '  S2C0  million 

 TVgeiL  3, ceo  qrm^  it  jp  to  S200»000  eac*i  to 

^         ,  'Schools  and  coHe^eS 

We  Propose  the  «&(£401istunent  of  a  grant  program  for  schools,  colleges 
and  universities  to  oe  administered  6y  the  De^artiiient  of  Education  >4ith 
proposals  to  be  evaluated-.through  i  p«er  review  Process  involving  consultation 
•titn  nSF  to  identify  field  readers.   Th«  purpose  of  these  grants  is  ^o 
encourage  the  linkage  between  colleges  and  universities  and  pubHc  and  private 
elcf^entary  and  secondary  schools  in  tt^e  irftproveotenc  of  science  education. 
Grants  wou1<J  allow  maximum  institutional  fiejiibilUy  to  be  responsive  to  loca^ 
nee^Si  and  would  be  awarded  accordfn^  to  Plans 'developed  by  the  recipient 
institu^^icn  tn  collaboration  ^Un  on^  or  rtore  public  or  private  schools  or 
sctiool  districts  and  other  appropriajte  ageflcies  or  councils.   Priority  - 
activities  night  includei  for  ejiample: 

{))    ium^r  institutes  and  »«rksws  and  ^  P'raUe)  program  of 

inservlce  education,  cd^ducted  by  hi  goer  education  institutions 
across  all  states  and  regions  to  provide  practicing  teachers  ^nd 
supervisors  >4lth  up*to-date  science  and  mathematics  information 
and  pedagogical  concepts;  '         '  . 

U)   projects  co  enhance  the  capacity  of  schools  and  colleges  to  m^et 
tne  professional  needs  of  botli  new  and  practicing  teachersi 
including  faculty  development  activities;  and  . 

l3)   support  for  extw^Jary  st^tei  locAl  and  institutional  efforts  to 
^  attracts  retalo  and  motivate  teacners  to  pursue  career*  m 

precoUege  n^athematlcs  and  science  educacioni  as  well  as  identi- 
fication of  teactier  training  proJ^ts  provi<jing  nationally 
significant  exan^ples  of  campus-oased  inservicei  schcol  site  staff 
development,  and  the  integration  of  substantive  knowledge  in 
ii4;hei4tat)cs  and  the  Sciences  with  effective  teaching  strateglesi 
and  tne  dissemination  of  information  ai>out  tnese  programs. 
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Tfechnotoqy  £ due at  ton 

AqertCy;  National  Institute  of  ^oucattCni  \f\ 

consuUatTon  nith  tii«  N^^^onal  Science 


$25  (iTt}ho/t 


New  grant  ccmpetnicnv  for  specific 
research  yielding  10  major  ProgriTrat i C 
awards,  and  up  to  200  individual 
research  grants. 

Research  on  student  iearning  and  school  ^nd  coTKg^  tostructlon  in 
mUili  sci'^ncei  and  technology  etiucatio.-i  (oarttcularl^  focused  on  ^econdar/ 
schools)  Is  an  essential  f^source  for  other  federal i  state  and  local  programs 
for  imprOviftg  math  and  science  education. 

Me  Propose  a  new  progr^  to  strengthen  teaching  an()  l^arnmg  research 
through  grants  focused  on  the  identification  of  successful  instruction  and  the 
afjplication  of  cognitive  research  to  improved  instructional  programs.  The 
program  will  supi  rt  large  scale  research  competitions  dealing  witKi 

UJ   research  on  tnlnking^  teaching  and  learnir.g  related  to 
instruction  in  mathi  science  and  iechnolo<iy; 

(2}   research  on  the  us^s  of  modern  instructional  technologies;  Uie 
siatTiSi  rne^ns  of  assessmenti  and  selection  of  instructional 
software  and  other  mathematics,  scieice  and  technolog/  education 
"uerials; 

(3)  research  on  local,  state  and  institutional  policies  entrancing  or 
inhibiting  the  recrutcment,  retention  and  Professional  develop- 
ment of  school  and  college  math  and  science  faculties;  and, 

(4)  research  on  school »  institution  and  state  needs  and  operations  as 
thijy  relate  to  the  development  and  suDoort  of  remedial  programs 
at  an  leveU  of  educ-ation. 


AuthariZatJOni 
Target: 
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Title^    A  Progrifli  uf  Oppor  I  kinit les  for  TeaCtterS*  ^oung  Scholars  and  fleSearChgrS 
through  ^ipandeg  FeUoiiShip^,  New  Trameeships,  Pesearch  Incerttive  AwarJSi  Jnd 
Faculty  Awards  for  Sorrier  $Cud7 

Agency:  National  Science  Fou:tdation 

Author U at  1  on:  SlOO  mHlion 

Target:  SIS  mllUon  to  Expand  existing  graduate 

fellowships  and  to  create  600  nevf 
graduate  fellowships,  $15  million  for 
new  institutional  tralneeship  programs; 
SSO  nt^lllon  for  1>000  new  faculty 
research  incentive  awards;  $20  mllHon 
for  faculty  awar<ls  for  Sumner  study 
sabbaticals  and  special  research 
opportunities, 

we  Propose  the  estabhsmnent  of  a  series  of  ne^  and  e^tPanded  Programs 
to  Provide  fellowships,  traineeships*  suinner  study  support^  research  incentive 
a^ardSr  and  fac^jlty  renewal  awards  to  increase  ti)e  prOdgct:ion  scient^sts^ 
engineering  facuUjft  researchers  and  science  educators,  and  to  uPgrMe  teaching 
faculty, 

^  ^our  Prograrns  should  be  suPPortea  tn  this  area: 

[I)  An  expanded  Graduate  Fellowship^  Program.   The  structure  ana 
effectiveness  of  the  wSF  Graduate  Fellowship  Program,  once  a 
premier  sy^ol  of  the  nation's  comltment  to  excellence*  has 
diminished  steadily  over  the  years.   The  HSf  fellowship  Program 
should  be  expanded  by  Increasing  the  nurnber  of  awards  and  the 
amount  of  the  stipend.   To  achieve  this^  we  proPose  at  least 
doubling  the  amount  of  money  available  for  these  fellowships 
(frotn  S15  nullion  to  S30  million)  and  increasing  by  aPproxituately 
one.third  both  the  number  ^na        of  the  current  awards  Ifrom 
Ij^lOO  to  £,00O  and  at  least  SlS^OGO  rather  than  SlOtSOn  per 
awar<t). 

\Zi  A  new  S15  million  Traineeship  Prograni  for  science,  technology  and 
(n^the«iatiC5  Educators.    Awards  of  up  to  $150*000  would  be  made  to 
colliiges  and  universities*    Trainees  would  be  selected  by 
Participating  departments^  schools  and  institutions  frO*?  ainong 
individuals  with  demonstrated  potential  to  e^tcel  as  scieitce^ 
technology  and  mathematics  educators  at  e I eniencary/ secondary  and 
undergraduate  levels.    Institutions  receiving  traineeships  houIO 
feather  education  specialists  and  faculty  fr<^  departments  of 
science,  oiatheniatics  and  technology  to  create  for  the  trainee  a 
new  or  in^>roved  duality  program  for  preparing  the  l^eJ^t  ^enention 
of  science  educators. 

A  new  S50  million  Young  faculty  ftesea^ch  Incentive  Awards 
Prograra.   The  challenges  facing  young  ficulty  *no  seek  to 
establish  ttteir  first  researcft  programs  are  almost  overwh** iming - 
A  Program  offering  stable  suPPort  [averaging  S5O*00O  Per  year  Per 
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3rfir<Jj  to  di^iSl  thrill  in  ^^Urtiuq  ^C-ldemi    research  careers  wouM 
nelO  to  ^ustatn  the  lualit/  ^nd  r'lOM  of  individuals  mto  key 
fi^los  of  science,  mathematics,  en^tneering  and  teciinolo^y. 
i.OCO  iwirds  wot^ld  be  authorised  to  average  550,000  per  year. 

\4)   A  flew  520  million  Prograpi  of  faculty  Awards  for  sommer  study, 
sabbaticals,  and  special  research  opportunities.    This  program 
Mould  provide  3,000  awards  at  5^, COO  each  for  stiver  support  to 
permit  currently  employed  faculty  to  take  advantage  of  upgrading 
opportunities;  and  a  5&  mi Hion  program  for  experienced  faculty 
for  su-  to  twelve-month  periods  at  salary  equivalent  to  current 
levels  to:   (a)   peroU  revitahzation,  and  experience  with  new 
research  techniques  and  advanced  research  discoveries  for  those 
who  )iave  been  isolated  froo  research  institutions  ^no  centers  for 
SIX  or  more  years;  and  (to)  provide  for  intensive  development  of 
teaching  techni<tues  and  materlaU  in  problem  areas.   A  total  of 
520  million  authorized  in  t^is  area  Mill  provide  awards  on  a 
competitive  basts  to  Individuals  whose  institutions  certify  that 
the  applicant's  principal  function  ^s  undergraduate  teaching  in  a 
sd^ince-related  discipline. 
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Authorization: 


Target 


KCCO  instruct  ion  31 1  iij>PrOve/rent  projects 
at  up  to  S2CO,0C0  each. 


Continuing  detnands  are  Placed  on  science  educators  to  iteep  Pace  with 


evoTtfing  technological  ifinovat;lons,    apdated  instructional  rtiaterials  are  weded 
to  Enhance  stu<rent  mw^ticn  and  to  advance  the  lagging  state  of  science 
leartixng.   The  need  for  new  Instruction    materials  is  particularly  acute  at 
the  iinder graduate  leve!  for  both  general  students  ai^d  science  and  engineering 
majors. 

He  propose  a  new  program  to  tiiprove  binder  graduate  instructional 
Progra;!is  and  develop  school  and  college  materials  for  iiathefnat:cSi  science  and 
technology  education. 


Priority  areas  inclyde? 

(1)    restrucxuring  subject  matter  science  courses  to  reflect 
state-of-the-art  tech'^oiogy'^no  the  changing  needs  of 
undergraduates; 

applying  teaching  and  learning  research  concepts  to  the 
development  of  loc'^hecpatKSi  science  and  technology  instructional 
matenals  ^or  $chool$  and  colleges;  and 

U)    stimulating  collaoorative  educational  institution/ industry 

efforts  m  the  developnienX  of  improved  prograits  for  schools  and 
colleger. 
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Th^*  outrk)iJ«d  condition  instriction^l  tquipn.trtt  in  tn«  fldtiOrt'i 

co^-e^es        jinversilie^  li  rt^? M-aocuTiented*    The  iD^ence  ot  stdte-of-th»?-art 
«QLiipT^rit  arid  fdtTljtti?i  ndS  ^mediate  cweQu^f^cet  m  tbe  prep^rdlioo  ot 
toady'i  stuOenti,  and  ricreichirtq  imQiicatiCnS  for  t+ie  rv^tion's  dbility  w 
r^mdtrt  ic^entir ici^  1y  4n<t  tachnOiOgicaUy  competuive, 

CfjrOP^>Si2  d  Uo-Pjft  pro^rim  f^r; 

Uj     iciuTSit^Oo  iftd  inSUllitTon  ot  rnodern  instruct lOnaT  e^LiiPfiient 
tor  ijse  in  te^ntng  jnj  trJiimng  for  Veacfting;  -jnd 

ahifing  science  eayiC*nent  a^nong  mttUjtions  r^yiondllj^  ind 
t)ctA«en  trt«  dCiJ^mTC  ^nJ  business  sector^. 


feo^frjl  i^er^c^^i  in^t  iupQort  res^drch  and  r^Uted  education  programs  to  niane 
tne  jctiu^^t^  ii^i^  jf  oqoitment  ind  renovition      Uboratoicves  in  aUowdtile 
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B. ■    tiistmg  laws  ano  r^teftt  leji^Utive  Proposals  riiv^  attempted  to 
jtTTTje  th^J  wJCn^niiffl      t,ix  incentives  to  isrcoar^g^  ^  corporate  response  to 
sc;^co  e<Ji>cation  tn^is.    ti^  "^eg^rd  thes^  ProPos^U  as  one  aspect  of  the 
tnu  eTfort  needed  tt)  resolve  the  urgent  Problems  f^ceU  tfy  higher  e^Jucation 
'Fistitijtions*  The^e  proposals  ^re  urtiluel^  riell-iaite<J  to  bringin9  Private 
sector  resources  ^nto  PUj'*    jirtce  this  PaPer  ^ddre^ses  ortl^  the  necess3r>  role 
Of  the  lederal  governntent  ;n  the  direct  provision  o,  s^iPPort ^^i^e  h^ve  Ofliitted 
references  to  these       incentive  ProPo^^^ls. 

This  proposal  1$  $ub    ^ted  on  behalf      the  following  orgamzHions: 


xV**ericin  Associition  of  Colleges  for  Teacher  £duc^tiOrt 

fVr^jric^n  Association  of  CoEinunity  ^nd  jjmor  Colleges 

ArteriCiri  Association  oi"  State  Colleges  ^d  Universities 

AnienCOin  Council  on  EduCHiOn 

Aniencan  EducationaJ  Research  Association 

ASsociaJiort  (>f  Affiiiated  Co^ege  and  Umvers»t>  Offices 

Association  of  A.iierican  Colleges 

Association  of  American  Universities 

Assocution  of  Catholic  Colleges  and  Universities 

Ai^soctation  of  Jcs^ftt  Colleges  and  Universities 

Association  of  ovban  Universities 

California  State  University 

CounCTl  of  Graduate  Schools  m  the  United  States 

C<>unCil  of  Independent  Colleges 

National  Association  for  Elual  Opportunity  in  Higher  Education 
National  Association  of  College  dnd  i;niversity  Business  Officers 
National  Association  of  Independent  Colleges  and  t/rtivefrsities 
National  Association  of  Schools  and  Colleges  of  the  united  Jtethodist 
Church 

National  association  of  State  Universities  and  Land-^rant  Colleges 
State  tJniversity  of  Ne^^  rork 
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Mr.  Waloken.  'Hiatik  you*  Dr.  Fenster,  and  we  certainly  appreci- 
atfe  those  reservatiun;*  abuut  the  matching  fund-  It  is  difficult  to 
knew  how  to  surmount  those  problems. 

Mr.  Bateman. 

Mr.  Batbman.  Mr.  Chairman,  1  wish  that  our  time  were  such 
that  we  could  have  heard  you  earlier  and  had  more  opporutnity  for 
an  extended  dialog. 

I  have  returned  to  an  indication  of  thinking  that  you  may  have 
heard  earlier.  In  looking  over  your  higher  educational  agenda  for 
science  and  mathematics  and  in  your  prepared  statements,  I  see, 
again,  the  dismal  statistics  on  the  pool  of  qualified  teachers  in  sci- 
ence and  math,  the  number  of  vacancies  that  exist,,  the  number  of 
people  who  are  leaving  the  field. 

lsn*t  it  one  of  those  things  tha*  is  self-evident  that  less  people 
would  leave  it  if  those  who  were  qualified^  competent,  dedicated^ 
md  skilled  were  compensated  better  and,  therefore,  had  a  more 
economically  viable  future  by  staying  in  it^ 

If  that  is  self-evident,  isn*t  it  somehow  strange  that  in  all  of  the 
accumulated  statements  around,  posit'ons  and  recommendations,  I 
have  not  seen  a  word  that  says,  "Let's  pay  these  people  who  are 
most  needed,  most  talei.ted  and  most  dedicated  and  most  likely  to 
be  recruited  to  the  private  sector,  more  than  we  are  paying  them  " 

Could  you  offer  me  some  reactions  to  that  ancl  whether  or  not  we 
are  likf^ly  to  see  any  movement  along  those  lines  lo  add  the  incen-' 
tive  that  has  got  to  be  done?  We  can  t  draft  people  into  classrooms 
to  teacli  science  and  mathematics. 

Dr.  Fenster.  Sometimes  some  of  the  most  obvious  points  are  not 
made  as  succintly  as  you  have  just  made  them,  Mr.  Bateman 

I  would  certainly  applaud  your  statement.  We  have  found  that 
notwithstanding  the  enormous  gap  between  salaries  paid  to  young 
Ph.  D*  engineers  in  industry  and  in  the  academic  world,  many  are 
motivated  to  go  into  ti^aching  even  at  economic  disadvantage  They 
lik?..the.rejsearch  environipent  providing  there  is  adequate  research 
equipment. 

They  like  the  notion  of  dealing  with  students  and  their  peers  in  a 
given  field  and  they  are  willing  to  suffer  some  economic  disadvan- 
tage. Sometimes  the  gap  goes  beyond  even  that  tolerance  level 

We  have  found  that  where  we  are  able  to  supplement  their  sala- 
ries or  guarantee  them  summer  research,  we  can  attract  faculty 
members.  We  are  able  to  recruit  where  there  are  some  supple- 
ments of  that  kind,  not  necessarily  salary  '^-pplement,  during  the 
regular  academic  year  and  where  there  is  some  guarantee  to  the 
faculty  member  in  the  recruiting  process  that  those  summer  sup- 
plements would  continue  on  for  several  years. 

Recently,  the  Exxon  Corp.,  announced  and  began  the  implemen- 
tation of  a  young  faculty  salary  supplement  program  which  we 
were  fortunate  in  being  participants  in.  We  have  used  successfully 
those  salary  supplements  to  encourage  young  faculty  members 
either  to  come  to  the  institution  or  to  remain  in  the  institution  and 
have,  in  fact,  incorporated  the  Exxon  program  grant  as  part  of  our 
recruiting  advertising  and  have  done  it  successfully. 

So,  I  think  that  I  would  underscore  and  give  support  to  the 
notion  that  pait  of  this  problem  in  attracting  good  teachers  and  in 
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n'Uiiiiin^'  ^ooil  tdulu^Ks  ^C^tt  ♦o  du  with  ni<ikiiv  teaching?  an  eco- 
nomicjlly  com|jetitivt»  iuid  attniclive  prufcision,  yeN  sir, 

Mr,  Batkman,  Well,  wvukl  \t  fulluw  (wm  that  that  pt-rhap^  this 
Cu*i^;re!?4.  ^huuld  ^iddre;>;>  [i  by  idlocjtinj^  sonxi^  uf  the  fuiidb  prupu^t'd 
tg  bt*  expended  to  enlumce  tht^  (.^ducjtiuii  in  stience  and  math  to 
t'Coiiuniie  inct^ntive.s  fur  retcntiuii  of  tlit^  mo;>t  profitient  of  those 
prL'sently  in  the  systL'm? 

We  ean*t  make  >ouni;  peuple  want  tu  take  it,  We  are  not  going  to 
^et  them  to  want  to  take  it  if  thev  are  not  adequately  instructed 
and  if  we  doiTt  keep  the  be;>t.  ThinUn^  are  Ukel>  to  get  worse,  not 
better,  and  >et  I  don*t  bee  tluit  the  one  thing  that  bettiis  to  be  the 
probleni  or  as  I  hSJ).  .so  ;>t:ir-e\ident  and  vvhitU  wuuld  have  tile  tiiost 
immediate  po;>iti\e  implfetioni*,  at  lea;>t  for  the  ilear  term,  even 
being  addressed. 

Dr.  FKN*sTKit,  I  belie\e  mthin  ttie  agenda  there  are  some  pro- 
pobod  programs  that  peihapis  du  ^o  to  that  issue,  Mr,  Bateman,  I 
'  wuuld  h(i\e  tu  identify  the  specific  program,  but  I  think  there  are 
aotne  elements  that  go  to  >oUng  researchers,  programs  of  opportu- 
nities foi  tvathers,  >oung  scholars  and  rebtarcher^l  faculty  awards 
for  hummer  stud,v  and  so  on,  %\hich  would  ^o  tu  rbt'V^y^^  of  some 
economic  incentives  to  stay  in  tjie  field. 

Mr.  Batkman.  Well,  they  are  there  but  I  thinly  they  are  Cast,  as  I 
read  thenl  an>wa>,  and  uf  course  IHe  had  to  rOad  them  very  hur- 
,  liedlv,  niou'  in  the  context  of  intellectual  clinitite  that  i;>  provided 
which  I  think  is  \erj  ^npurtant  and  it  is  vital  to  anyone  ^vho  is 
going  to  r,emain  a  good,  effective,  enthusiastic  teacher. 

But  >ou  knuw  the  intellectual  climate  In  nhich  you  can  feed 
>our  children  or  educate  >uur  children  uill,  I  think,  go  begging  be- 
cause in  private  tmhi&tr>,  in  research  and  in  large  corpoiate  labo- 
ratories and  other  area^,  >ou  will  find  that  stimulation  and  profew- 
sional  satisfaction  and  compensation. 

Dr.  FENS-rEK.  I  quite  agree; 

Dr.  Fllu:k.  Mr.  Bateman,  I  think  you  will  find  that  if  you  are 
>;uing  tu  t;dk  about  ^he  apprupr-ate  rule  uf  the  Federal  Government 
in  helping  here,  that  if  >uu  tire  ^oing  tu  tr>  to  supplement  salaries 
of  teachers  at  the  precollege  and  at  the  pastst-condar)  Ie\ek  that 
we  may  be  beyond  any  likelihood  of  success. 

The  appropriate  Federal  ruh*  ma>  well  be  an  enhancement  of 
status,  a  retugnition  of  the  contribution,  whether  it  s  from  a  precol- 
lege  stience  and  math  t^^acher  ur  at  the  post:5e<.undarv  level.  What 
they  are  doing  i;>  important.  Finding  wa>.s  to  rt*ward  it,  finding 
wa>s  to  i5uppk*ment  that  einirunment.  that  is  the  task  of  meeting 
outside  salar>  competition  is  the  taiik  of  the  innStitutionSi  the 
StateiJ^tl^t^*  localities.  The  Federal  Government  should  certainly  be 
highlighting  the  problem  and,  we  hope,  getting  some  movement 
from  these  other  areas. 

I  think  the  need  here  is  that  kind  uf  enhancement  and  recogni- 
tion which  certainly  is  appropriate  tu  the  Federal  role  and  is 
within  the  range  of  possible  Federal  appropriation. 

Mr.  Batkman.  With  the  (^hair  s  indulgence,  I  will  not  carry  an> 
luiij^er  than  tu  sa>,  uould  we  perhapis  aliso  have  a  common  case  in 
advancing  the  notion  that  where  Stateis,  Governments  and  public 
funds,  are  diieeted  toward  our  edutatiunal  s>stem  at  all  levels*  we 
ought  tu  l)reak  this  fjattern  of  equal  diiitribution  as  opposed  to  dis- 
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tnbuhn^  Miv  t^H^t^ry  o(i  thr  yKifil^  of  nwtlt  and  thi.\  rocogiiued  supe^ 
riunty.  The  fuiinct  s^iUuitum  (MTuses  whatever  increases  in  appfo- 
pnations  come  your  vniy  on  some  surt  oi\  I  think,  bomcwhal  mis- 
guided policy  of  equalit>.  Perhaps  equality  of  unfairness.    ^  , 

Dr  FuLLEK.  I  think  at  int^titutions  like  those  1  deal  with  ^ou  find 
tlitit  recugnitiqii  i&  already  there  in  the  salary  structurt^i*  If  we 
vtant  to  go  out  and  find  someone  in  computer  ts^iLncL  we  expect  to 
pay  a  ijood  uea}  more  than  we  hcive  to  pa>  when  you  are  looking 
tor  someone  in  English  history.  That  reality  is  there. 

Ths^re  ur^,  unfortunately*  legislative  and  coiitrawtLdl  le&trityfons 
parti®LiIarl>  m  the  publicly  supported  struttuie  which  makLrthis 
impossible,  and  that  is  part  of  the  problem,  — ^ 

Mr*  BATf.MAN.  ConLitrn^  are  niucli  more  specifically  adt^resbed  to 
the  public  sectoi  aiidwnost  especially  to  the  secondary  sc^pol 
system,  ^ 

Dr.  FKNsThit,  Ml,  Battniun*  while  not  being  inipossible,  necessar- 
llyi  in  the  public  sector*  it  is  certainly  more  dilllcuU,  We  do  have 
p  merit  components  to  out  salary  structure  system*  but  >iot  to  any 
deffree  that  I  would  like  to  see, 

Mr,  Batkma,v.  Thgiiik  you, 

Mr,  Walgren.  Thank  you*  Mr,  Bateman. 

Mr,  Brown,  * 

Mr,  BitowN*  Thank  you^  Mr,  Chairman,  It  is  not  easy  to  find 
issutfs  to  differ  with  you  t^entlemen  on  because  In  a  t>tmse  you  are 
supporting  a  thrust  which  this  cummittee  has  tdken  for  iiome  time* 
and  we  appreciate  your  contribution  to  the  record  vf  this  hearing 
on  those  matters, 

I  know  you  have  Commented  on  the  committees  concern  with 
the  health  of  undergraduate  education  Including  the  role  of  the 
community  colleger.  And  the  chairman  of  the  s^ubcommittee*  I  know, 
has  been  a  leader  in  trying  tg  maintain  that  kind  of  a  focus.  I  am 
sure  that  ypu  wil)  continue  to  do  so,  » 

If  I  may  raise  >ust  one  question.  It  has  to  do  with  the  role  of  yoifr 
inbtitutmns  as  links  in  a  netv\ork,  you  might  sa>.  We  arc  putting  a 
great  deal  of  emph*isis  on  university-industry  relations. 

V/e  are  putting  a  great  deal  of  emphaMs  upon  the  responsibility 
of  institutions  of  higtier  learning  to  ^tiow  concein  and  tak,e  respon- 
sibiht^es  for  the  improvement  of  education  at  the  lower  levels  to 
maintain  the  flow  of  persons  hiotivated  and  capable  in  the  science 
and  mathematical-related  fields. 

In  looking  at  the  list  of  the  institutions  which  you  gentlemen 
represent>  I  note  several  that  tiavo  achieved  i"ecognition  for  their 
involvement  in  the  community,  and  I  would  just  like  to  ask  you  to 
comment  if  you  feel  that  you  are  doing  ^s  much  as  can  be  expected 
or  attempting  to  improve  your  role  in  both  of  these  areas 

That  is,  witlnn  your  own  communities  ^md  regions  you  are*  In 
effect,  a'node  of  prestige,  Svme  of  the  larger  national  universities, 
research  institutions*  would  almost  appear  sometimes  to  feel  that 
thev  are  too  good  to  get  invoked  in  the  communities  around  them 
and  in  tlieir  region.  What  we  would  like  to  encourage  is  a  :iense 
that  every  institution  is  a  part  of  their  community  and  has  a  re- 
sponsibility to  play. 

If  you  and  your  institutions^  to  prov  ide  an  example  of  how  to  do 
that  effectively,  I  think  you  could  put  the  large  research  institu- 
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tions  to  shaini-  iuul       might  want  to  le/Jd^even  more  encourage- 
ment to  that  sorl  of  a  thing. 
Could  you  cohiment  on  that?         ,  . 

Dr  FuLLIfR  I  appreciated  he  comments,  Mr.  Brown.  I  dorft  think^ 
we  have  done  as  much  as  we-should*  I  know  that  every  one  orthe 
cd^eges  I  work  with  has  programs  reachinj^  out  to  th^ir  local 
^    school  district^  and  some  of  the  others  in  their  Region.  ^ 
*        We  have  found  that  some  of  tjiose  efforts  of  oujtreach  have  not 
^       been  warnify  received  in  recent  yearb.^1  am  not  sure  what  the  prot- 
lem  has  been.  ^  " 

Inrf£ict,  some  of  our  colleges  have  found  it  difTicult  to  sustain 
their  role  in  training  teat?hers  for  the  elementary  and  secondary 
Sc(;iools  because  our  emphasi^^  on  subjecti  matter  expertise,  on  high 
quality  of  the  knowledge  of  the  subject  the  student  is  going  to 
teach  is  sometimes  at  war  with  some  of  the  rfHiuirements  that  are 
set  for  teacher  ce^tifica(A^^n^^ 

^  WejUwfik  that  climate  is  changing.  We  certainly  have  an  obliga- 
ti^^jr^o  do  more.  I  think  there  was  a  Very  distinguished  history  of 
partnership  in  the  late  fifties  and  early  sixties  when  there  was  a 
larger  national  concern.  In  those  days  college  affid  university  facul- 
ty were  working  on  the  improvement  of  elementary  and  t>econdary 
curricula  and  were  seen  as  partners.  ^  ■  , 

We  would  like  to  see  that  repeated  much  more  than  it  has  been. 
I  tnink  part  of  the  fault  is  on  our  side  and  part  of  it  is  onfthe  side 
of  those  who  might  join  that  partnership  or  ^hare  it  with  us.  I 
think  you  "lay  find  that  it  is  changing  a  good  deal.  There  was  a 
conference  last  week  that  Ernie  Bo>er  of  the  Carnegie  Foundation 
sponsored  trying  to  talk  specifically  about  the  ways  in  which 
higher  education  intjtitutiuns  and  elementary  and,t^t!Condary  inyti- 
tutions  can  work  more  closely  to'gether.'  ■ 

That  is  a  topic  that  I  hear  about  every  higher  education  meet- 
ing I  go  to  now  and  I  think  you  will  find  a  lot  more  happening  of 
that  sort.  That  wiil  be  tojthe  good. 

Dr,  Fenster  Mr.  Brown,  this  community  interaction  of  which 
you  speak  is  very  much  a  mission^lement  within  our  institution 
which,  among  other  things,  defines  it^elt  a&  an  urban  university. 
This  is  at  least  j»ne  reason  that  we  have  taken  so  seriously  the 
entire  precoUege  effort  having  just  this  last  year  extended  the  pre- 
college  effort  to  the  seventh  gfade. 

Previously  it  had  started  at  ^he  ni^th  grade.  We  have  an  enroll* 
m^nt  of  some  l,OOO^ycungsters  in  sor  dozen  precoUege  programs 
as  I  said  earlier  with  a  very  high  ^^jllege  going  rate  and  several 
hundred  secondary  school  teachers  involved  in  variouii  institutes 
and  upgrading  programs  throughout  the  year. 

This  past  year,  in  fact,  we  created  a  computer  center  through  co- 
operation vvith  the  private  sector  dedicated  to  the  pi^college  pro- 
gram. So  with  regard  to  the  PrecoUege  activities  we  regard  them  as 
very  much  within  this  area  but  beyond  that  we  work  with  local 
school  districts  and  local  school  board^-to  help  those^ boards  make 
the  most  effective  use  of  their  qwn  material  and  l\uman  resourcei;* 

For  example,  we  have  worked  with  school  boards  to  improve 
their  own  management  information  sjstems  and  inventory  control 
systems  to,  if  you  will,,incurpurate  technology  traniifer  in  tneir  own 
school  district*,  to  have  a  mure  contemporary  management  oper 
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atiun.  and,  tt>  tlu*  rxtt-nt  ihni  we  call,  to  help  them  iftso  improve  in 
the  curricular  area.  ^  ^  ^  ; 

Other  institution5>  are  albu  vtorking  v<jr>  s>eriously  with  the  local 
schools  in  the  curriculum  area.  ' 

We  would  like  to  have  a  network*  frankly^  of  several  thousand 
univ<?rsitie^  iVtrd  culWgeb  participating  in  a  similar  way  with  local 
bchuok'and  loQa\  schoofdibtrittiv  I  think  the  cumuIaOve  impact  of 
that  on  the  nature  and  qualit>  uf  precollege  education  particularly 
in  &cjence»  mathematics  and  technology  would  be  enormous 

Mr.  Brown.  Well,  in  thinking  through  this  problem  in  my  own 
mind,  it  :seemb.to  me  that  we  have  a  period  in  which  there  is  rapid 
change  taking  place  in  society  and  we  are  really  trying  to  grasp 
what  our  national  goalb,  our  national  character  and  our. National 
resources  are*  and  in  that  kind  of  a  period  it  is  much  more  impor- 
tant that  we  have  t>tr-unger  Hiikageb  between  all  of  the  institutions, 
of  society  in  order  that  we  can  more  effectively  interact  in  setting' 
these  ^oalb  and  making  these  changes  that  are  taking  pl^ce.  If  we 
don*t.  then  we  set  up  terrible  tensions  in  the  society. 

As  a  Congress*  a^  representatives  of  the  people,  we  are  concerned 
about  the  whole  of  the  society,  not  just  whether  we  produce  more 
N6bel  laureates?  or  something  of  that  sort*  but  is  the  whole  society 
benefiting  from  what  we  are  doing. 

This  ii^  where  we  sometimes  do  not  give  full  credence  and  Jiiipor- 
tance  to  the  work  which  institutions  such  aS  those  you  represent, 
the  role  you  play  in  the  society. 

Thank  you,  Mr.  Chairman.  That  is  all  that  I  have. 
I    Mr.  )Valgren.  Thank  you,  Mr.  Brown.    ^  - 

WelC'on  behay  of  the  subcommittee.  I  would  like  to  express  our" 
appreciation  fpr  yoUr  testimony  and  for  your  staying  with  us 
throughout  the  morning.  We  appreciate  that  very  much.  Thank 
you,  * 

Dr.  Fenster.  Thank  you  very  much,  Mr.  Chairman. " 

Dr.  Fuller.  We  appi-eciate  the  opportunity. 
.   Mn.WALGitEN.  At  this  point  I  would  like  to  insert  in  the  record 
several  itemgthat  relates  to  the  subject  of  today's  hearings 

{Whereupon,  at  1.30  p.m.*  the  subcommittee  was  adjourned  ] 
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ADVANCFXrNT  OF  S^IEKCE 
Md&Mihus<[^l  Avenue.  N  W 


RECEDED 


Th^  Honorable  Don  FfjqOo,  Ch^ft^n 
CoiTOftittee  oti  Science- <iN  Technolo^ 
2321  ftayburn  Kouse  Offke  Sun<m>g 
W.S.  Jfouse  of  ReDrcsenUtiV^s 


WJ^bHgton.  DC  20515 


Dear  RonresentdMv*>  Frj^t^e 


Over  the  pa*^t  18  f^ojiChs.  the  Sclentifit  WantOh'er  ^:o'T.ii?^jan  has  betOire 
iflcreastngly  r&nCf^r^^J  ^bcut  the  <liJdlity  ind  quantity  of  precOHo^Je  ^tj^rce  jnd 
P^^tti  education.   Seth  reflect  ulti'iidtely  on  the  qti^ntu/  and  Owhty  or 
scientists  and  en^ine*.-r^  to  be  prodi^^rej  m  the  ftjtyre*      wi^U  -a^  the  general 
electorate  wht:h  luSt  bo  wllliftcj  to  sjpport  scientists  aitd  enuneer^  for  the 
bettenr^nt  of  the  nation.    Increasingly,  this  concern  has  con<»  to  be  focused 
on  the  problem  of  the  ^^horto'je  of  qualified  science  and  'nath  lea^rher^  for 
setORdarV  vla^^rooiT»s.   However,  there  is  a  proble^i  of  accurate  data.   Beyond  the 
surveys  carried  out  h^tth  its  own  fund^  by  the  National  Science  Teac^jOi'S 
Associatioji  (HSTA)  and  one  purvey  njade  by  Iowa  State  iJniver^Uy  oT  s-tdte  science 
Supervisors*  the  e^^entiaj  background  dat*  re<iuire<t  foJ  paKmg  inforritJ  choicer 
In  solving  thcsf*  pi'obiens  ha^  not  been  a^iaUable*  While  we  believe  that  W 
NSTA  ha^  done  an  excellent  job  in  outlining  at  least  ^oine  of  the  parar.eters  of 
the  pro&le*^,  we  do  not  feel  that  the  collection  of  needed  data  should  be  either 
t*ie  burdpn,.of  that  a^wciaiioft  Of  its  responsibility.   The  in.Plications  of  the 
ProbMtft  are  nationwi<!e:  they  pervade  An«?^can  society.  ' 

Ot/er  the"past  several  f^nths,  Congressional  cwittecs  have  bejco^w 
aware  o*"  and  concerned  abO(*C  these  Problem,  and  an  unus^Jalty  large  nipiiber  of 
bills  have  beon  introdt/ced  in  OOth  houses  which  ^Oek  to  apply  funr.s  to  at^llOrate 
thi^  ierious  sitwitioti.   Policyi^t^J^ers  in  the  Congre^^,  In  state  le9lslatMre^»  in 
School  di^trvct^,  oi  school  boajrds,  aA<t  in  state  departments  of  education  should 
not  be  a^iked  to  r\ake  c>ol  icy  without  adequate,  dependable  aitd  continuing  data  on 
both  the  natgr.p  and  extent  of  tho  shortage  of  qualified  teachers-    The  facts 
provided  through  the  Tl^TA  sur.eys  are  htell  known  to  you  and  beco*n;ft^  more  widely 
knywn  to  othm  who  are  .concerned,   HOHever*,.  the  prot>iei*i  will  not  be  ^olv^d  over* 
night  and  continufn^  adjM-itfent^  in  pro^jraiT^  will  be  needed  during  the  "^ecovery 
process. 

At  its  nneeting  oio  Marih*l5,  the  Scientific  Manpoi^er  Commission  passed 
OnaniT^owsly  the  followino  resolution:  * 

*'The  Scientific  Manpow^^r  Coirwissioft  Stron^Jly  ufles  that  the  National 
Ociem.f^  Foundation  support  thefcollei^tiorv  and  rraintenance  on  a  contlbuing  basis 
of  data  on  the  tnanpower  Characteristics  of  i^ath  and  sCicJKe  teachers  in  elcrr^entary 
an^J  secondary  schools  i^  the  United'Sc^te^v** 


Knowing  tbat  the  bud^^t  process  is  lengthy^  an^rtfie  tine  for  startin<?  to 
resolve  those  Problems  is  lonq  pdst>  I  have  been  aSked  b^the  Coimission  to 
transmit  this  resolution  too'ou  itnd  to  «r^  your  consideration-  " 


ftay  A,CttF 
Pres^ident 


AnwrkMAhihrepeivsictl  AiiHtitieh 

AmtMunAitrsnAiniui  SKiitir 
AmiiictihCMniiCii  Sttltly 


Am«rlctn  PiXttHroflcil  Aii»<tiM«n 


Efplhrniniu  blMVt 


201 


csop 


Subcoiirni uee  or  Sc't-ftce,  Research  and 

Washington!  CC 

tear  Mr.  Ctiaimnan: 

fnclosed  1-;  the  te^tifirony  v>f  l^^e  Association  of  American  Publii^hei^^^  on 
r<!nowJil  0*  the  ijuthorwation  o^  the  National  Science  Foundation.   We  ask  that 
this  staterncnt  be  inciu^Jod  in  the  Printed  heaigrns  record 
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Testimony  of  AssociaUon  of  American  Publish^^rt 
on 

Hational  Science  Foun<ldtlon  Autliori£^t*on 
Si^convni tt£e  on  Sclencei  Research*  and  TechnoTo9b^ 
ttouse  Coptnitue  on  Science  and  Techno1o9b^ 


ttdirchi  1983 


The  Association  of  American  %bHsher*  (MP)  Is  the  general  association  of 
book  publishers  in  the  United  StatcSr    It  comprises  Professional  and  Scholarly 
Pt)blishin9»  College*  IntemationaU  Diroct  Jtarketin9/Book  C1ub>  School  and 
General  Trade  divisions.   0\ir  some  300  meriber  Publishing  houses  Produce  the  vast 


boohs  nublished  tn  this  country  and  found  in  the  nation's  libraries  as  weTl  as 
considerabl<^  related  audio'visual  materiatSr 

The  tif'adUion  of  including  prohibitions  against  undue  Federal  influence 
over  education  programs  is  firmly  sn^jraincd  in  statute. 

In  195a>  Cong»*ess  Included  in  the  national  Defense  Education  Act  (NOEA), 
enacted  that  ^eari  a  provision  ^tiPi^lating  that  "nothing  contained  in  this  Act 
shall  be  construed  to  authorize  an^  departircnt*  agency*  officer  or  e^plo^ee  of 
the  united  States  to  cxerCtsc  an^  direction,  s*<pervisiont  or  control  over  the 
curnculuftit  Prcyram  of  instruction*  administration*  or  personnel  of  any  educa- 
tional institution  or  school  astern," 

Andf  if^  1970^  Congress  earned  this  language  over  into  the  G^nerol  Education 

Provisions  Act  CGtPA)^  the  law  governing  all  MEW  education  programs.    It  was 

again  sPelled  oyt  in  fuller  detail  in  1979  in  the  OePart^nent  of  C<Jucation 

Organization  Act,  Sec,  10?{b^  of  states: 

No  Provision  of  a  prograti;  adntini^tered  by  tiie  Secretary  or  l>y  any 
other  officer  of  tht  Department  *hall  be  constr^^ed  to  authoriio  the 
Secretary  or  any  suCh  officer  to  exercise  any  direction*  suporvisioni 
or  control  over  the  curriculusii  pro<tracti  of  if^^truction^  administration* 
or  personnel  of  any  educational  institution*  ^Chooh  or  school  ^y^tem^ 
over  any  accrediting  agency  qr  association,  or  over  the  selection 
content  of  HbraO'  resourcesi  textbooks*  or  other  instructional 
materials  by  any  educational  institution  or  school  systccn*  except  to 
the  extent  authorized  (>y  lawr 

l^ost  recently*  in  1983*  the  97th  Congress  included  the  following  section 

in  tiie  Job  Training  partnership  Act  OTPA); 


majority  of  general  tradei  educational i  reference*  Professional  and  religious 


/more/ 


ERLC 


203 

ProhlbUion  flg^ins'  Fedt^ral  ContTO\  of  Education 

S«c<  14G<  Ho  provision  of  tb^s  Act  shall  bo  constru<id  to  authorize 
ar^  d&pdrtin^nti  dgoncy,  officefi  Or  cirplo/ee  of  Ui<^  tfniud  States  to 
«x<^rcise  any  directioDi  supcrvtsiorii  or  control  over  th«  curricultmii 
'    pro^rat!)  of  instructfoni  administrat^oni  or  pcrsonn<^1  of  any  educa- 
^  tiotjal  Institution^  school*  or  school  system,  or  ovor  tho  selection 

of  library  rosourcesi  textbooks,  or  other  pritjted  or  published  xnstruc- 
*  tional  tn^terials  by  any  educational  instttutloit  or  sOiool  system. 

We  urge  that  a  similar  provision  be  included  tn  the  enabling  legislation 
for  the  t4atlonal  Science  Foundation,  tlie  National  Science  Foundation  Act  of 
19S0,  as  amended,  ^tich  a  provision  would  be  consistent  with  weH^established 
Congressional  policy.   It  iroul<i  provide  insurance  against  any  possiMe  stf^piclon 
that  currently  expanding  NSF  science  and  en9lncerln9  programs  might  unduly  en- 
croach upOD  state,  focal  and  university  prerogatives  and  would  be  an  effective 
instrument  in  helping  ffSF  mnlmi:e  such  ejitarassrients  of  the  tyPe  suffered 
during  the  1^70's  as  a  result  of  the  WACOS  project. 
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National  Science  Foundation  Affthorl^^tion 
SubCOrrrnittt^e  on  Sci^ntt*  ft«<!4r<;h^  4u<i  Techiiotogy 
HOJ^  <;077T?itt<*e  on  ScUnc*'  *nd  Technology 


The  AissocfdtFon  of  /^c^enun  Publishers  fAAP)  is  the  general  association  Of 
book  publishers  In  the  Umt(?d  StAte^.    It  co^l^nse^  Professional  and  Scholarly 
Publishfng.  Coll^i  tnternattondl  ^  Direct  (l^rke ting/Book  Club;  Srhool  an<S 
General  Tratfj'  divisions.  Our        300  meir^er  jiublUhing  houses  Produce  the  vast 
(^aJont^  of  q^jT^ral  tra^l<?.  edutdtionaU  reference.  Professional  and  r*Ugiou$ 
tootis  publi!>bed  in  ttiis  country  and  found  \ti  the  natior^'s  libraries  as  well  as 
considerable  related  audfo-^visual  materials. 

The  traditiofl  of  inclwdinO  prcSibitions  against  undue  Fe<!cral  influence 
over  education  Pro^r^rvs      flmly  engr^rned  in  statut<i* 

In  1958^  Confjre^i  inc^ltjded  in  the  Nationj]  Defense  Education  Act  (ttDtAj  ^ 
exacted  that  year,  a  provi^^ion  UipuUting  th^t  "nothing  toutained  in  .  u  Act 
Shall  b*  cotistrued  to  >tithOrUe  any  tfePartr^t *  agency^  officer  or  erpioyee  of 
thO  United  States  to  e>er<;ise  any  direction*  supervision*  Or  control  over  the 
currffulum*  Program  of  instni^t'on^  adoiinistration*  or  personnel  of  any  educa- 
tional institution  or  s^hooi  sy^ten." 

And*  In  1970*  ton^ro^^  carrifci  this  lariguage  over  into  the  General  Education 

Provisions  Act  ICtPA)*  the  Uvj  govtrmng  ail  HFW  edycation  progriins.    It  was 

again  spelled  out  in  fuller  detail  ii>  1979  in  the  DeP^rtiront  of  tducation 

Organisation  Act.  Sec.  l03Cb)  of  which  spates: 

Tio  {>ravt^;lonn(tf  ^  pr<i*;r^-i  a<h'miSt*red  fey  t"*?  Secretary  or  liy  iny  . 

other  offii^er  of  the  DePartrrCnt  snail  be  construed  to  authorise  the 
Secretary  or  ^ny  such  officer  to  exe^'cise  i^y  direction^  supervision, 
or  control  over  the  CurrK^jlt^ni,  Pro^rdtn  or  instructiont  administration* 
0*'  j>ersonnel  of  any  educational  institution*  school*  or  school  syste^i 
over  any  accrediting  agency  or  ^^sociatiop*  or  over  the  selection  or 
content  of  library  resO*ircoSi  textbooH*  or  Other  inilroct JOnal 
materials  by  ^tty  educitional  institu*_iOn  or  sc.ool  ^^ystem^  except  to 
the  extent  authorised  by  low, 

fV.t  rocentlyi  in  1963^  the  97th  ConOre^S  inclutJpd  the  following  section 

in  the  Job  Tr^inin  P^rJiYF^rLhip  Act  (  JTPA) 
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rr<Jh>t>U»tfn  Against  Fed^^rdl  Control  of  tducition 

Sw:.  I45.  NO  Provision  of  ttils  Act  iMU  bo  constrijeiJ  to  authorfze 
ahy  dt^partpvent *g^Mcy>  officer*  or  orrPloye(y  of  tnc  United  States  to 
excrtTie  any  dire<;tiO(i>  SupOrviSion>  or  conti*^>!  ovt^i*  the  cwrricultifni 
progrdtvi  of  in^tn;ctioi*>  a^tuJniStr^tioni  or  Personnel  of  a.iy  educa- 
tional 11  •tituttoni  schooli  or  schcot  v^teti^h  or  over  the  selection 
of  library  resoLrccs>  tt^xttiOoVSi  or  oth<^i  Printed  or  Published  instrwc- 
tioiial  n^itertals  by  Any  e^juotional  institution  or  sch'^ol  system. 

We  urge  Uat  a  similar  Provision  be  included  \ti  tfif^  ehatlinfl  letlislation 

for  the  National  Science  foundation*  the  National  Science  Toundatton  Act  of 

l%Oi  as  aiftended.   ^uU*  a  provision  would  be  consistent  Hilh.weH-estabU£hed 

CofiQrossiondL  Pohcr.    It  hOuld  provide  inSuranC4>  ^gainSt  any  Possible  susPicion 

that  Currently  expanding  U^i  science  and  engineeriny  prooram^  tnight  unduly  en- 

croacii  vpon  stdtCi  local  arid  university  prer09.'<ti^s       would  €ffectlv€ 

instru-Dont  in  helpiug  HSf  mtftmi/e  such  ei:i>flr4ssments      the  type  suffered 

during  the  WO*i  as  a  result  ot  the  HACOS  project. 
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NATIONAL  SCltNCG  FOUMOATlON 


APrll  2S,  1^33 


Honorable  Don  Fuqud 
CoKSiiCtoo  on  ^if:ttc^  and  Technology 
ilou«e  <if  Rcpro$ont<ttive« 
WddhlngUn.  hX*  20515 

Doar  Ht*  Chairaan^ 

The  HUD^Indcpcndont  Agencies  Appro pr in Clon$  Subco^tttcc  ffcal 
year  1983  conference  report  require^I  the  National  Science 
Foundation  to  provide  a  pfar  whUh  muld  propose  programs  for 
pr^ollcSo  science  and  cn£inc«rli^  education  m^Civltie^  dtirli^g 
flacal  year  1983*    The  Fiscal  Year  1983  Appropriations  Aet 
provided  An  additional  $1^  lallllon  for  these  prograo^i  Enclosed 
i«  i  copy  of  that  plan  whUh  has  been  approved  by  both  of  the 
HtfD-Indep^ndeat  Agoocles  Appropriations  Subcoc&ilCCeos^ 

The  Notional  Science  Board  wfil  be  reviewing  projirfia  guldellnea 
based  on  this  plan  at  their  May  meeting^  after  th^t  meotinS*  ^tore 
detailed  nrogrjis  description^  tflli  be  broadly  distributed. 
Please  let  iQC  know  If  yov.  have  any  further  Questions  or  need 
additional  information « 


Rayrsond  Bycj  Jr^ 
H«ad 

Congressional  Llalsoa 


Enc  lo  suro 


f?»-"CEIV£D 


A 


A  PLAN  KOK  NATtOHAL  SCKJNCB  FOUNDATION  SUPPORT 

OS  ^ntaiiA.rA\t:  fiCiKNCK  ano  hathematics  education 


fiartHAnv 


ih**  AvJminifit  c.it  ion  proposes  act  1 1 1  es*  tc-*he  Implemented  by  tho  National  Science 
Foundation  ^NSPl^  that  aJdros^  tho  c]ev^>tnin9  quality  of  UiS>  preoollego  acl^nco 
ami  ii<itht»mat  ICS  education.  This  decline,  vrhich  herjan  a  decadti  a^o^  ntust  he  stopped 
dnd  "reversed  hec<iuse  the  U.S.  eonnomi^  and  Jofon^o  contpetitivenesss  depends  heavily 
on  <in  .idequatt>  supply  of  soionti^t^^  ^o^jineors  and  a  technically  skilled  workforce. 
i\  ^Ltonij  procotlogo  e<lucation  m  t^oience^  dnd  mathematics  is  required  to  provide  the 
non^o^JSiiry  skill!}* 

T^ie  plan       act  i  tj  it  iofi  IS  designed  to  meet  several  conditions*     It  recognizes  that: 

li    There  are  distinct  roles  for  the  fedorAl,  state  and  local  o^^^^n^^^^^'  <*^'d  the 
private  sector*    The  Federal  g^^vf^rnment  m^st  asfjume  a  leadership  and  catalytic  role* 
r^ither  than  dictate  national  solutions  to  local  needs* 

2.    Thp  two  pttnclpal  Fedot^il  o^encios  responsi'hle  for  science  and  mathematics 
'jflucation*  tho  Nntiot^al  Science  Foundation  and  the  Departtnent  ot  Education^  have 
vtjry  different  statutory  authorities^  atm  capahlUtieSi    Tho  NSF  plan  described  hore 
roflectfi  t^iis  dlfferenr  , 

The  teachOff  teaching  materials^  and  tech(^l<iues  are  central  to  the  motivation 
and  learning  of  the  ntudents*    The  planned  Activltios  s^ek  to  enhat^ce  the  motivation 
and  competence  of  th^  teachers  and  to  facilitate  the  doliv^ty  of  kt^oi^ledye  to  atudet^tSi 

The  proposed  pl-^n  has  two  major  Componertisi    the  developTnent  of  materTals  and  the 
provision  of  tf^acher  inceniives.    Tl^**jtj  components  are  discussed  In  terms  of  the 
10fl3  Imdgpti    These  activities  ^re  planned  to  corttlrtuo  in  py  1904. 


E^"  BEST  COPY 


-  21i 


3 i     Mat<?rial*i  VffVGhfimf^nt 


Th  >  Niitio(uil  <;cion(TC  F^iurnliit  ion  wiJl  si>j't>'^rt  tJit*  (lovolopment  of  exempltiry  mat^ridli* 
nml  flioil(»i't  tor  Iho  rontiduinj  inprovomont,  of  li?f^rh(*r*i*     R^isejrch  and  analyses  will 
tn>  f^^n^luc^»^*l  in'I  i  hf*  rri^jtili^i  codt  i  nuousl     ft^l  inlo  Lho  maton^l^  <lwv<i  lopment  eCtort 
tU'\t  tJio*io  m-itpri^l*:  rf>flfr(    Ui'*  ho-<i\   {tirAciidl  dxpf-i  ioncd  iinci  Ido^^,  as  W(*||  /is 
'■-r-iptir  1  f  ii'  knuwlpflijp  Uiot  oin  J»f  ^rouijhi   to  bear  on  Uip  processes  and  content  of 
proool  If^jo  pcioriL'o  Ati<}  n^iLhf>niat  U'*i  it*,tc^nfVj*     The  potenttrtl  o{  technologtos 
I'^putPrGj  tf'l'*vi<;iori  jirmirnM*;)   tci  intirjjv^o  iUo  Oelworjr  of  m^teriJls  aivl  tlie  loarnitvj 
iirfH:<i'!<;os  will  lir  f»xi>lored*    Hotl(»l  prt^jrams  will  l>o  c<>i^^"Cted  to  evaluate  and  improv^e 
Uif*  Raiorifll<j  (ipvoloped* 

No  los';  than  517  (Million  of  Mio  M^P  J*"rtl  i>ti*I<jf"  will  he  *Ik?voL**(I  to  materii^l*;  ^ 
f^*vo|(>pm**nti     riie<;o  nateriaM  will  he  m^vlr  widely  knowli  and  av^iilahl^  to  l*)CtU 
ionrtl  auH»or  it  If 


(*re^id<Tit  i^il  Awaid*?  f^^r  r^achiry]  Ffxcd  l*Mi(^e      1 1  he  *jivo(i  to  ou  t  strind  i  ny  science  antl 
riiathr»ft),^t  ic*i  teacher*;*     This  n/itic>nit|  reooijn^tion  nf  science  (*nd  mathom,.Vlcfi  t*;(icll'J£? 
n^y  d*>*5ii|rif»M  to  improve  \Ue  if^a^jf*  'ii'l  ^tal  iis        mai  hema  t  lc*i  tind  science  teachers* 
Til**  ow^irfls  will  ho  ^dniinistt»re*J  by  W^F  (fi  Cooperation  and  with  the  participation  of 
linnti, 

Ti>.l^         ih:>jir>r*:  Work'ihtjpS  Will  rt^<i<^^ni7*'    ind  honor  tho  t*?{>  finality  icierice  ancl  m**!  hemjiJ  i'^s 
ie,ic1ifrs,  pro7i*le  (hem  with  ^ipd^iret*  kfiowli>d«jo,  pra*;tic-ll  exp^ri^'nce  or  skills^  <»nd 
ftifHtir**  n»,ii   Mi*^y  spr*?'iil  this  knowlo<|ij(»  to  tlieir  fellow  te-ichers.     Those  workshops 
wtM  (*e  u^efl  (o  j^ro^ido  foivllMcK  nn,  ami  **Va  liiat  it^f  fi(  r  n**w  t^MChtny  niat*»rialsv 

fe^Oh^ck  froii  t  h**  workshtjp  participants  will  1m*  n«it*<I  fo  an^il^ze  science  eJiicalion. 

hSn  rif»re  than  ^"'1  mllli  n  of  I  he  ti^F  J'JJH  hufK^dt  will  h**  iised  f*?r  te^icher  incontive 
in*-!  rr^ivxjn  i  Mon , 


h ,     TejiCfie  r^I^nceiit  i  ves 


thi3  p^ip^r  i>r$mF>t^  the  AdninLSt  f  ()t  ion' £S  ptoposmi  4]Ctiviti^S  tn  he  implemented  by 

in  scif^nc4>  ^n<]  mathematics  t^dt^cat  ion .    These  activities  Aim  to  tncre4]se  tho 
f)ii^ilitv  of  pt^oollege  student  knnwlodije  in  flCiCnCe  ^Dd  mathematics* 

S'.hoi*!  '*y;*t<^m.s  tliroihjli**ut  tho  J,S.  with  strong  ^nd  dynamic  instruction  in  mathematics 
<iii\}  Si;i»*nt:p  are  vital  t(>  the  tJ»S.  economy  and  <iur  Nation's  long-t<?no  tochnoloy  iCa  I 
li-adt^rsh  ip.    Wf^n  t><]uc^itril  students  ate  ef}<;Ontial  to  provide  a  continuing  supply  of 
tx^^hrucal  ii«rsi>nnt>l  ue^Hlod  hy  a  U^S^  econCM^y  incc^<islngly  dependt^nt  upon  hi\jh  tochnolo^y. 

r 

The  t97n's         ^  seriohfi  «rn()ton  in  tho  quality  of  M.S.  sciontific  and  technological 
t>ducation  at  all  t'^vols.     fichuols  and  collorjes  telexed  r^q  j  i  rements  for  courses  In 
the  StTicncos  ^nd  math<^nidt  I CS^     Academic  ^tandatds  gen<rraliy  deteriorated  with 
t'pipha^^t^  fro^juontly  shifted  to  Courses  of  study  lacking  a  sound  disc  ipli^iary  base, 
this  trtmd  was  refilled  In  the  n^f's  science  education  program* 

NSKr  Ijy  itB  oiiahllng  It^^lslatlon  of  igSO  and  subsequent  am^ndm^nts  in  1959,  196^, 
and  1972,  was  givon  na jot  Federal  rt^spons ih i  1  i ty  ^for  scle<\tilfic  research  jtnd 
i^luc^tion  in  the  sciences.    The  n^K^s  science  education  proyr^m  wd3  substantially 
4tr<?nijthened  umler  President  Kisenhower>  In  the  l950^r  but  subfioquontly  underwent  d 
df-»ttrioratlon  in  th<J  H70's  that  paralleled  that  of  tlie  oducat  ion  systeML_in  general. 
Ill*-  consensus  on  the  importance  of  «SF*s  scionC<?  educ<*tion  i>rojram  dlssipatedf  leading 
t-i  *iis.i<)r'>*'tneiit  among  Congressional  committees  and  within  Adninistrations  regarding 
tho  role  ikf^d  purpose  of  the  program^    This  resulted  in  dt^creasod  budgetSr  lo^s  ot 
pr(>:jra4i)  foCus,  4n<l  a  proliferation  of  smallr  socially  director  activities^ 

rie  IKS^  Office  ot  Kducattonr  ^nd  later  tho  Department  of  Education,  during  this 
time,  was  oncrtrnml  mostly  with  Issues  of  equity^  ^uch  as  pro<jrams  for  the  handic^ppedf 
underpr ivilr^^jedr  nrudent  aid,  etc^r  and  capa<^ity  buildinij  such  as  construction  support. 
The  Department  f\f  education  did  support  educ^tinnal  H&O  but  this  support  was  also 
r4>l.ited  to  etjolty  que<ttions,  or  was  in  the  nature  of  national  data  collection  and 
analy^is^    Vt>ry  little  effort  at  the  Department  of  education  was  historically 
dlr4>cted  at  th(»  Content  of  ^icience  and  technology  at  ^^r^y  level  o£  education^ 


rho  4)CttvUlis  propQsofI  for  N^r  art?  con^t^t'^nt  wltti  th^  Administration's  view  of  the 
propc-r  Fedfsral  roEf*  in  oduc^tlon. 

The  ^dnini^tr^ti4>n  Assum<}s  thnt; 

*  An  adoquAtf^  <?duc.'ttc(l  popuUttion  r(;<|uircs  strong  [tvfycni  i<sgt>  science 
<tnd  m;i  thcnrtt  Lc^  instruction^ 

^    Thi^  rcqtjir^fl  attention  ami  action  f^cctoxr.";  including  stotc  and  tocat 

(jovernmcnts  Ani  industry. 

*  Lncal  aut.onocny  i^  ci  fund<ifnent/tl  Characteristic  of  t^o  U.St  educational  systen^ 

^  Tlie  Federal  Government  should  not  intorfere  «Uhf  or  dlct^itc  to  local  authorities 
the  de^tgn^  pianningr  or  opeC'ation  of  education  procfram^^     It  should  act  only 
wMen  a  clcarT  rOf;ponsibiiHy  OKists^ 

*  In  those  specific  aro^^s  whcro  r\  clear  rcst>onsibn  i  ty  cxist^i  the  Federal 
Covernnent*a  role  otmuld  t>e  to  provide  the  necessary  toodorship  to  address  a 
n/^tloeJil  prolUem*  and  also  sMfliuEato  and  catalyse  efforts  In  othor  soctors.. 

*■    Actions  by  the  Federal  Govi^rnment  ;ire  indicated  when?  ^ 

tho  problem  Is  of  a  natlon^il  nature; 

-    the*;e  actions  would  provide  large  public  benefitsr  but  by  tl»o  Ir  nature 
<io  not  present  opportunity  for  economic  returh  to  (private  interests  {e.g..* 
data  collection  and  analysis  of  national  datsr  research  and  development 
act  ivit  ies) ; 

tite  action'?  shoulfl  iiut  cannot       replicated  throughout  thn  states  otherwise^ 

"  re*if*rAl  rtCtions  fthouiJ  he  targeted  at*  s')eci  f  id  well  identr)fied  sources  of 
problems.  Thesr^  actions  Should  he  almod  at  tho^e  areas  wh«wre  the  t>«neflts 
o[  Federal  efforts  ac*;rDO  to  wi<ie  segments  oi  tito  poputAl^ont 

y 


to 
o 
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ArtsLgnm^nt  oE  r<}S|K>ns ib 1 1  i       for  Federal  action  in  ttic  are^  oE  science  education 
should  be  r^ASud  on: 

*  statutory  aut bori ty ; 

capability  and  capjacity  oE  tha  agency  based  or>  authority^  (iKpetrienco^  public 
stipportf  and  support  ojt  the  involved  coniFptin i t io^^ 

MSK  anit  the  Dopartif^ent  oE  Education  have  distinctly  diEEeront^  character  i^hen  examined 
In  ilodt  oE  thuje  two  criteria. 

national  Science  foundation 

Statutory  Authority 

section  3(a)  of  th<^  national  Scienco  Foundation  Act  oE  i^SO  states  that  "the 

Foundation  la  authorised  and  directedi"  '  ^  1^ 

*  "to  initiate  and  support  basic  sciontiEic  research  and  programs  to  strengthen 
scientific  rasearch  ^lotential  nnd  science  education  programs  at  all  levels  in 
th«  nathictna  tlcal  i  physic^il*  medical^  bioUgical^  onylneerimj^  ^Qj^lal^  anci  other 
^ctencesf  by  making  contracts  or  otiier  arrangements  (Including  grants^  loans^ 
and  other  Eotms  oE  assistance)  to  support  sucb  scientlfie  and  educational 
activitios  and  to  appraise  the  impact  oE  research  upon  industrial  development 
And  upoii  the  general  welEafei" 

*  "to  awards  as  tirov Ided  In  Section  10,  scholarships  and  graduate  EelXowships  In 
the  mathematical,  physicair  medicals  biological^  engineering^  soeial^  and  other 
sclenc^^;  ^  t  '  ^ 

^    *'to  foster  and  stipport  the  development  and  use  oE  eocnputer  and  other  GeientlEie 
methoafl  and  technologies^  primarily  Eor  re^eareh  and  eciueation  in  tho  scioncesi" 

S^f^tioO  3(d>  also  dtAtes  that  "The  hoard  and  Director  shall  recommend  ^nd  eneourage  * 
th^  jrur^uit  aE  national  policies  for  the  (jrotnotion  oE  basic  researeh  and  education  in 
the  scier>ccflf's  {underlines  added) 


NSK  has  'tOiho 'ti^slc  clio  r^ct^r  if;t  Lc<;  which  <lGt\no  tti(>  copAbility  and  capacity  of  tho 

'    A  rolativoly  sm^kll  <;ci'>qce  granting  nij^^ncy  suffod  Ijy  personii  wlti  ocaderaic/ 
^cLor^tific  b-nrktrrountl*;;  NSF  doea  nt^t  Cc^ndoct  in.-house  rosoarch  or  education 

*  Awards  t>a«(»d  on  comp<*t  i t  Ivft  |ieer  r'?vt(*wi  wliof^o  primary  criterion  is  yio 
(icl(»nt  If  Ic/flc  t<>nco  cducatioaal  wirit  ot  the  proyosofl  Idoas  and  ACttvltiesi 

^    strong  tios  with  th^  ^^cod^m-ic  .^^cir^nttMc  and  oncfinooring  Cofninunii:y  and  dc  ier^ce 
tO'^ching  profps^ionf  ^ 

*  id^nr  if  ication  and  support  of  innovative  uroject*;  which  typically  aro  generated 
through  proposal:;  by  scientific  and  t<^clTnical  experts  tratlier  than  by  MSF). 

A  clear  relationf;hip  and  compatibility  with  those  characteristics  should  be  a  pritnary 
consider;!  1 1  on  In  tho  as^Jigninqnt  of  Foder*U  rerTpoiislbl  I  ity  tn^*;cienco  and  math*?matics 
f>d^ication  to  n^F*    Th^so  strervgths  should  be  util  ized  to  grc^ato^t  advantago.  '  In 
turn,  program*;  which  flo  not  corro'spoiul  to  those  clv^tact^iri sties  w^juld  not  only  have 
l(»nser  potential  for  succe'JSi  bu\  ijl;;o  weaker\  the  agency's  m^jor  strenyths* 

04^partment  of  Education 

fitatotorv  a-thority 

Th«  ^nablinj  legislation        the  Dopartnont  of  E^duoatilon  defined  a  very  broad  midslon 
Covering  r^*t|K>tis  ibi  li  t  ies  fc>r  all  lavels  of  education.    Flow^ver>  the  legislation 
pr(»scrlJ)f?fi  piecl<*(»ly  tho  intended  bonof  ic  iart  es.  recipient!*,  (undiny  mechanisms  and 
eligible  activities* 


0 

RIC 


Capobtlity  artd  Capacity 

Ch^irAct^r  ts  t  ic^  of  f,^0  Dopartmunt  of  EdUcat^ion  vJMch  are  significant  in  conOoction 
with  Fc(t«ral  r^'spoiis thi  I  i for  science  and  mcYthomatic^  Oducatiort  InCLud^t 

*  i%  larijv  agonCy^  Staff>sL  ^xti^nsively  by  persons  train^cl  in  tho  tlolds  Oi 
Vtlucation*  with  history  o£  both  funds  allocation  on  untform*  national  sc^kie*,^ 
anO  oOucat ional  res^arcli  at  low<  t  c^lucaL io<^  Ir^vo Isr 

*  concorn  for  oqual  educational  optx>r'tunityf  vith  spocial  targeting  of  Issues 
and  groups  (e.g^  ^  voc^ition^l  oducAtiOn^  hilinguaL  o<]uc«htioni  di  sadvantagoO 

'  I—* 

*  <i  variety  of  functionsi  ra<]giiwj  froia  grant*;- ir:-a  id,  to  data  gathering  and  ^ 
dissemination*  to  national  institutional  capACity  buUding  such  construction 

of  f acil i  ties; 

*  pretloniin<»nt  >is^  of  fotmnKt  grants*       sfate*;  and  local  agoncioa  rather  than  ' 
competitLvo  gramsr 

*  wide  eontt^eh  with  stat<>  an^l  local  educational  ayencioo  and  collogog  of  cducatlofx* 
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Consi'^ton^  with  the  dpfinition*;  oE  Appropr iat^^  Fodoral  and  -agency  rot^^s  in  ^cionce  ^ 
and  mathflmJ>tlc<;  "bduc^^tlon*  tlio  AdmtnistrAtton  reviewed  the  Rtate  o£  the  Nation's 
ninthf^ntatic^  o^l^ic^tifH)  and  the  Federal  efforts  andi  ^ 

"    D<>termiiie((  the' no^d  fiir  Pedflr*xl  K*»i(lershlp  in  Improving  tho  <jUAlity  o£  SclonCe 
^ind  maLhf^mat  i<:s  eduCf^tthii.  ^  J 

"    Lf(e(;<>gnlze<l  the  fr<igmontatton  Of  SCi*?nCe  education  pCoyCims  which  prevented 

achiovenent  of  a  significant  rvxtiui^^l  impact. 

^     AppoLntefl  tho*  Depattment  of  Education's  National  Commission  on  Excellence  in 

F^ducatLon  {a  Contponent  Of  whlclk  Is  ditected  at  <>cionCe  education)  to  make  V 
recofumendatton^i  ".♦•♦to  the*  riatlon  and  to  the  S<jcretary' of  f^ducatlon  to  promote  ^  ^ 

(jxcellonce  in  puhlic  nnd  privat*^  schools*  ct^lleges,  and  tiniver^l t ies^ * 

"  -  Appointed  the  National  Science  Doatd  Commi^'^ion  to  Study  the  problems  at  the 
procolleqe  level  and  "^.♦♦dflline  a  national  agenda  for  improving  mathematics 
'    <-ind  science  education  in  thl4  Country^" 

The  Administration  also  has  propoqJd  -jeveral  Initiatives  as  part  of  a  measured  plan 
to  reverse  tJro  dc^cUne  in  th*?  quj(jllty  of  science  «na  mathematics  InstrtiCtiPn  In  the 
HatJon*S  <;chools.  *   V       ,  »     .  f  ' 

*    At  the  university  level  a  new  program  Of  support  for  young  SCionCe  and  engineering 
faculty  Uns  been  Included  in  the  msF  budget.    This  is  aimed  at  attracting 
highly  cptallfied^  young  s^.L^ntii?ts  and  engineer';  to  -Un  ive  rs  iL^  positions^ 
relieving  (acuity  Shortages  and  assuring  high  guality  university  education  for 
Euhire  SCit'ntists  ^^nd  engin<>ers* 


T-r  Si3  ,  , 


*    At  thti  procollego  lovo  I  *  Pr^^^ridp"  t  laI  ly-<£  ircc^oU  activities  are  planned  at  hoth 
the  WSK  anU  Lho  DeparLinont  o£  F      atlon  focus^id  on  tho  supply  of  sclenco  and 
mathcmuticfl  teachers  and  tho  quuiity  or  their  teachingt 

--  in  1903f  USF  is  hudfjetod  at         milUon  to  conduct  two  programs  almod  at 
teacher  improvonontt  one  updatlmj  tho  materials^  dkills^  ano  knowlodgo 
needed  by  exi&tinQ  toachor^^  tho  otlter^  ^  proyrcm  to  recognize  ^nd  rewarO 
teachers  who  have  dono  outstanding  work.    Tho  hudgot  request  far  these 
J  efforts  iii  incroased  tor  1904* 

In  l^fiAt  tho  DepartmeEit  fit  education  has  proposed  .funding  In  tho  anount 
of  ?^<}^milHon  for  hlock  ^jraots  to  tho  fttated  to  Incroase  tho  nurobor  oE 
qoalified  science  and  mathematics  to^chors*    The  program  will  provide 
ono  yoar  scholarships  to  persons  hol<jllng  college  oegrees  to  enable  them 
to  roturn  to  school  to  become  qniiliEiod  to  teach  science  and  ma thenia t Ics. 

todopendont  actloos  have  boon  takon  ^ilso  by  st<xto  and  local  go^rernmentSi  ^uch  as  pay 
^u[>ploinonts  for  science  and  tn^t hematics  teachcts^    Privato  industry^  sclontlElc  ^nd 
scieooe  education  gt  >ups  have  made  stron^J  public  statements  oE  concern  and  some  aro 
lOf^rea^lng  hholr  oEfo'^ts  to  address  thoso  aspects  of  tho  problon  most  closely  rolaCed 
to  their  noods* 


to 
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rRoPOSBD  PLAM  von  MSP 

The*  AdinLi^l:>trAt  irin' pt^n  for  ^li^^  pve«:r»l  ttv^jo  &CionC&  ^nd  m^tb^aticn  rolc  in 

^^suring  <in  Ailcfjua^c  l:oCh(i  ica  L  ly  tr^iiried  ^>tkiotcet  scientific  commurtity^  ^ncj  tochntcally 
Eunctvlortfit  :>oCloi-y  i&  t>(i&<>d  o(i  tho<;(t  cohf; l^k ra t 

*  IrtiTiedi^ito  prohlernfl  ami  loii<)-tom  nootJs  tor  sci4>nco  J»rid  n^itliom^t  ics  oducatlonf 

*  dpptopr  idto  Podcr^l  arid  Afjency  rolc*^^ 

*  primary  i-c<;poii3  ibi  1  L  ty  fit  ot^to  ^md  loc^t  Ictvolsi 

*  need  for  a<^t  Ivo  and  sustalood  involvoiient  of  i>rivato  sectors 

*  coiitrat  rolo  of  teaclior^  ond  toachirify  materials  and  .toclm  Iquos  tn  ijtudCfit 
nolivatioii  arid  loaroinL,. 

Th^  A^rmtnUtration's  Plan  for  nSF: 

'    is  a  moa9i*r(?d  Jipptoach  to  tho  clfj'ftrest  ai^i*  most  lmm(^tt  t ate  aspect  of  tJio  ptobiem 
"tho  quality  of  prccollotjo  tcacMLngi 

'    roco9^^i^^<*^  th^  need  to  jntlor^lrd  5Clftnti[ic  Aitd  toclmoloy  leal  ttainlng  wUh 
mctterirtls  dovfl^iopment  ^jupports 

*  Includes  jnochanisms  for  identification  and  underiJt^iud  Ing  of  probloiflij  tn 
procolloijo  scienco         mathematics  t(jachJngi 

The  pliin  alJio  Coordinator  the  efforts  and  utilized  the  strengths  of  the  primarily 
toJjponfttble  Fod^rAl  agencies  by  proper  assignment  of  role?. 


TTTiST  CuF"'"     .  2,-0 


1983  iJudyet 
($   in  jnillions) 

To^ichCc  Incentives  3 


Cor)Str]orAble  evidence  OKiStS  t\\At  ptOcollC^C  SclOncC  «inc]  mathematics  education  is 
in^'lpqUtitO  to  meet  t-^e  ^towlnQ  netitinat  noudd  for  scientific  and  technical  skills  in  ^ 
Lh^  worktorct*,  ^ 

1^ 

Nunfjtous  gLU(li(i3  Jiav!*  jK)lfit<j(l  to  the  doclitio  m  the  qualLiy  o£  science  and  mathematics 
oduc^Llon  in  recent  ^evtrs.    Those  ^Lu<Hes  havo  Lndlctitod  that  the  ^^recollego  lovet 
in  ^oneraif  and  the  quality  of  precollogo  teachers  and  toachiny  in  particular^  is  the 
(Host  obvious  aiyl  immediate  ^outce  oE  thfH  problem. 

In  addition^  there  id  some  indication  oi  a  doclino  in  {i^^rEormance  in  science  aii6 
in<)Lheinat ics  Oi  the  topqudrtlle  o^  s  iidents#    This  raises  questions  tor  Aiaerica^s 
futitro  health  and  long-term  leadership  in  tochholog^. 

Th^  N^tlOnAl  science  Fk^ard  Commission  on  Precolleije  Education  in  H^it hematics.  Science 
iind  Tf^chnolrvj^f  vas  estahlishod  to  analyze  and  assess  this  problem  and  to  make  recom" 
nt(>ndaLions  for  its  resolution*    The  MSP  science  and  mathematics  education  plan  Eo^ 
19^3  is  based  on  prellmln^ty  Commission  ^reports  and  Eindinijs  oE  national  studied'  and 
evitluaLlons,     It  ts  also  conslstttnt  with  the  proi>er  Federal  rolo^  artd  uSF  responfii- 
bilities  and  3tren(|th^i    The  plan  Eocuses  on  the  precollege  level  and  is  or<ianized 
aroiind  two  distinct  cofnponents;  ** 
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tho  df^l<*rinrating  quality  oi  preccll'Ujo  sr^idnco  and  mathematir^d  touchers  And  ' 
their  Instruction  Is  clear.    There  Is  o  need  tor  eKomplary  materials  and  models 
tor  the  continuing  prof  ei;s  lonol  development  of  teachers  and  the  Iroprovomant  of 
their  In^tr^iction*    Those  mat^riali^  and  (fiodel<;  should  reflect  the  best  practical 
knowledge,  o^xperience  and  ideast  os  well  as  scientific  knowledge  that  CAn  be 
brought  to  on  th.e„proc.e<;ses  and  content  Of  science  and  mathemat tcs  teaching^ 

They  sliotilrl  he  based  on  a  thorough  unders trtnSffng  of  cond i floffs  una  needs  in  - 
prrcollege  science  eduCAtion. 

T(*acher  Inc**nt  lv(»s  t 


Toachltu;  ch5racterlze<l  by  low  status  and  sAliiry,    Th^re  Is  a  pressing  need  to 
rt^cognlzc  oh<l  nurture  the  skills  of  good  niathetnatTCs  Wd  science  teachers- and 
to  errtphaoizp  the  significance  of  their  contributions  \o  education  and  the 
fj^ntlon^       one  cnechanlsm  Of  attracting  and  retaining,  teachers  in  these  critical 
sk  111  an^as. 


Fjf^cau*!'*  of  the  Importance  and  complex  nature  of  precollege  science  education^  care 
must  \>o  taken  that  NkP  a^^tivitles  be  of  hi(}h  <juality  and  continuing  relevance  to 
national  n'***rl!i.    Therefore*  Continuing  input  from  a  broad  cross-section  of  the 
scient  if  t  c/sc  lence  and  mathematics  education  comrnunlty  l^  essential  to; 

*  advise  the  Director  of  NSF  and  the  National  Science  Board  on  policies  ano 
dirAPtlons  the  NSF  program  should  foUow; 

*  identify  changing  naflonal  needs  in  science  and  mathematics  education; 

*  re%*ew  the  progress  of  the  liroijraffl  in  reaching  Its  long-^term  goaisr 
^    provide  oversight  on  proyrattt  procedures; 

*  provide  g^kldance  on  revisions  to  program  guidelines, 

For  th**se  purpns**s,  a  Prec<>lteg<*  Science  and  rtathematlc;  Kducatlnn  Advisory  Committee 
will  he  appointed.    The  Cominitten  wotjld  consist  of  oufrtnndlng  Individuals  recogniiied 
a^  knnwlf^lgeable  ah'nit  ^nd  experlencf^ii  In  U,S<  precol lege  science  and  mathematical 
education*  inctudir)g  represeatatt^^ee  of  local  school  districts.    Prior  to  the  estab- 
lishiT.ent  of  tnis  group*  the  MSP  will  consuU  broadly  with  ofmllar  types  of  individuals 
to  re^^iew  Initial  program  guidelines! 
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Hatertals  liovclopmcot  (S12  mlHioo  in  fV.  1983) 

Th^  development  oE  usaEul  mciterials  for  teachers  and  studehtd  must  be  based  oo  a 
thorough  understanding  at  Lhe  ooodttLons  aod  needs  of  science  and  mathematics 
oducation.    For  this  reason^  research  ^nd  analyses  will  be  initiated  to  Uottf^r  uiidcr'* 
^tjind  the  £ciGnc<?^  and  mathemattcs  edifcatlooal  systGntf  and  how  people  teach  and  Icaro 
these  Subjects  most  t^EEcct  ivr^ly.    The  research  activities  by  nature  are  appi  ied 
and  will  mAkQ  u?Q  at  information  on  ^o^iolttve  processes  resulting  from  basic 
resf^arch  oo  this  subject  (e.g.^  research  siKin^ored  by  the  Behavioral  ^nd  neural 
!;cicnCQs  Di^^tsioo  of  hsfK 

A  focus  lierc  will  be  on  mooltnrioy  and  evaluating  this  infnrmat loo^  the  changes  in 

scleotlfic  aod  technical  knowledge^  aod  the  relationship  bt  this  koowiedge  to  what 

is  tdughL  in  the  schools^    Ao  effort  will  be  made  to  evaluate  and  use  dat^  .collected 

hy  nrtjan izat Ions  with  primary  data  collection  responsibilities  (e.g.^  national  Ceoter 

for  Educational  Statist  k*s  aod  nsF's  Science  Resources  Studies).    Bvaluatioo  o£  ^ 

the  impact  of  rfSP  science  aod  mathematics  educattoo  programs  will  also  be  iocluded.  »— ' 

Upw  mechaol^ms  and  materials  will  be  produced  for  raising  and  ^ust^lolng  the  quality 
of  precollcge  scleoce  teaching.     Projacts  will  be  supported  on  a  natiooAliy  competitive 
basl?  tot 

*  create  pvodels  aod  demonstrations  of  lonovative  traioing  protjrams  focused  oo 
scientific  and  tpchoical  contents  or  new  techoologles  for  u^e  in  teaching^  to 
provide  continuing  educatloo  for  science  aod  raathematics  teachers; 

*  d^veTop  materials^  audio  and  visual  aids^  computer  programs^  software^  and  ' 
systems  for  science  teachers  to  use  In  lnttrovin<y  their  ir^structloo. 

Projects  will  include  dc^fgn^  development  and  testln^j  of  materials^  as  necessary, 
operatloo  of  prototype  programs  for  teachers^  and  evoluation  of  utility  ond  impact 
of  approat^h.    An  area  of  empha^i*:  will  be  to  develop  aod  test  appllcatioos  of  the 
new  technolO(|ios  to  pret,*olle{}e  science  aod  riathemat Ics  education. 


Tho  princlp^il  products  of  mitt^ri^l?  ^ijvolapiiiont  jFjotiviti^s  will  be  b^ttor^  taoro 
eff**ctive  approaoh<>&  to  teHii<:}»«»r  ttrtimnti  ani)  b<Jtter  tools  for  touchers  an<J  stuuents 
to  ufiG  in  thf^ir  clvissrooms  ^n<1  lalmi'Otortofii    H^iterials  with  fnultipl<>  b^nofiis; 
f**0*t  vldoo  nat^rifils  ■suit'thlo  for  botl\  public  ^^roadc^^stimj  as  u^ll  a&  classroom  U39 
will  b'^  Includodi     Although         tiiyF  fSoti'j  not  ^ittempt  ^o  bti  ^tcon^ly  prf>scriptlvf> 
rf^^rdin^  tho  n^^urt*  of  projOCL^r^  tUnLinp^tf^J  Appro^chef;  include: 

M^tc^r  iaL? 

"    l>*>tt*>r  pro.%<*ntfltions  of  basic  nlnqlo  conot^pts;  ^^g*t  moloculor  structuro^ 
i/riv^  notion;  , 

*  nov  technique*}  to^improvo  Stud<^nb  nnd  tOAChor  undf^rst^nding  and  product  iv i  ty  f 
coniputf^r  glnulat-.ions  of  lobor^ttor/  f^xp<trimont!>f  ntodoling^  grfUphing/ 

*  now  topiosf  technology  dovo  lopmf^ntSf  ^oienco  appllCfittOn^i 

*  Approach'^?  Intondod  not  only  to  prov^d^^  %ci9nce  Instruction^  but  also  to  ntako 
it  moro  i^tt^rosting  And  attractive  Lb  youn^oc  student?^ 

Tiomonstrrtt  Ion** 

*  {ytojocln  structural  ly  dodigno^l  for  individual  f;chool3,  glngla  school  districts^ 
ntatosi  ro^ion^i  or  n^tion-^widt^i 

"     ncitionnl  prcjocts  baf>od  on  tolocortniunlc^tions  tochniquf^tiJ 

*  *inglo  dijfciplino  And  mu  It  ItJ  i  *ic  ipl  ine  pr^jJjcLs; 

*  refr**?!her  coufs***!  nnd  n**w  toplcttf 


of  computors  <tnd  to  lr>crKn(n^inicnt  ion9  in  sci^ncf^  nnd  fnathcmatics  tOtHching^ 


Thu  FntmdAtion  vitl  roqulro  spoclfic  products  iroftk  f>ach  dovel^ment  ptojecti  t 
i>if|.,  iniii  i^rlfil  Hi  HoEtuat«>f  flescrlpttvC  program  guides^  Ctc:^  t  land  where  Appropriate 
pl^ri^  for  tfitfimiircidl  publication  and  (1  [*jt:r  i  bution »    Procodut^s  vill  be  developed  to 
^^rsurc  i^^F  supported  products  are  a^railablc  for  ut  il  izat  ionj^nat  ional  ly  in  local 
teacher  training  d<il  ivcry  projects.    NSP  ulll  consider  Euti^e  ^ech^nisms  for  makln^j 
sucli  materials  available  to  local  users^  / 

Support  criteria  nill  emphasize  the  participation  oE  a  combination  of  top  scientific 
ami  tGAcKino  talents  and  nill  cncoura^je  tbc  appropr  tate />ar  t  icipat  ion  oE  industry.^ 
Crit«>Eul  attention  will  be  i^a  i<l  tn  procodurfis  Eor  assuti/a  tho  effectiveness  of  training^ 
such  as  eKaninations  At  the  end  oE  pro^jrams  and  the  anytding  oE  regular  college 
credit  or  suitable  alternatives  recognition  oE  concro^  achievejnont^ 

It  is  0Kpe<^to<l  that  nost  proposals  will  be  subnj^t^  by  colleijes  and  universi t ies^ 

hut  othf^r  institutions  with  o<lucation  PiiflSiorHfl^ill  be  equally  contiideredi 

Api>ropriate  participation  «n<l  collaboration  amonij  practicing  teachers^  dcientists^ 

science  educators  and  oEEicials  of  state  and  local  education  agencies  will  be  a 

principal  consideration  Eor  award,     in  addition,  participation  and  contributions 

Erom  the  private  fiector^  such  as  the  involvement  oE  Industrial  scientists^  will  be  ^ 

fiigt)ly  favored  In  agency  evaluation  oE  proposals*  ,  ^ 

Teaoher  Incentives  {S3  million  tn  FV  19&3I 

The  teacher  incentives  activities  Eocus  on  the  unique  problem  oE  motivatino^  recognizing 
and  bringing  up  to  date  science  and  mathematics  teachers  who  are  Among  the  bost  tho 
pri^fe^sion  has  to  oEEer.  This  complonieTits  the  materials  and  teaoher  training  modol 
dnvolopment  activity  whose  ultimate  target  population  is  the  procollego  sclenoe  and 
mathematics  teaoher  proEession  in  generals  Teachet  incentives  Include  Presidential 
Awards  Eor  Scinnce  and  Mathematics  Teaching  Excellenoo  and  Teacher  Honors  HorkshopSi 

riie  Prffsident  lal  Awards  for  Science  and  Mathematics  Teaching  Kxc^llence  will  provide 
highly  visilile  recognition  to  aiH>roKimately  loo  outstanding  teachers  annually  iabout 
half  in  mathffmaliofi  And  half  in  science).    The  teachers  will  bo  selected  nationally 
with  at  least  oae  teacher  Erom  each  state  and  other  jurisdictions  sucli  as  Puorto 
ftico  an<l  th(»  District  of  Columbia.    They  will  be  presented  with  a  certificate  oE 
excellence  at       appropriate  cerontonyi    An  award  oE  95^000  will  be  mado  to  each 
tcacJior^s  schuoi  to  supplements  and  Jiot  raplaco^  other  rusources  Eor  use  in  improving 
its  science  or  mathematics  programi  under  the  direction  oE  tt)e  aw^rdoe  teachor. 
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Tho  l-nportance  of  tbi^  progr^^n  was  emi>hasizcd  In  a  roccnt  radio  nessayo  by  the 
Pr<>^ldent  when  he  saUit  "And  we're  also  tjoyfnnlny  n  new  pro<jram,  one  I  Intend  to 
parttclp<ite  In  raysaXit  to  honor  ^oin*j  of  ftmeric^'s  best  &cienco  an^i  mAthematicB 
t*i;ichers»    They  are  a  true  national  resource." 

Thf^  program  vHl  bo  ddninl^tnred  by  the  I43F  in  coordination  with  the  Departmant  of 
BducAttoni  and  with  tiko  asnist^ncft  of  a  national  professional  ^scientific  ongdnizat  Ion. 
Th^  lattnr,  under  contract  from  U^F,  will  carry  not  the  ident tf Icatlon^  nontfnatlon, 
cincl  ijelectlon  procoduro^  for  tUp  awdrdeo&r  And  related  necessary  activities.  The 
Kf^P  will  make  the  final  sel<>ction^  and  toyetlior  with  VotO  confer  the  awards.  ^fCort^ 
will  he.nade  to  obtain  the  participation  and  contributions  of  the  private  sector 
fiuch  ad  industrial  companies^  civic  clubs^  anf>  local  chapters  of  scientific  societies. 

The  Teacher  Honors  Workshops  activity  ac^corapli^e^  three  purposes  within  the  area  of 
prec^ollege  science  and  mathematics  teaching  development! 

recotjnjze^  and  honors  top  quality  teachers; 

—  provldoi  these  top  quality  teachers  with  updating  in  current  ficionce* 

and  natlkemat  icis;  recent  rapid  advances  in  the  sciences  ^nd  technology  ni^ike 
It  necessary  to  update  i-he  techniCii^^nowledge  of  even  the  best  teacnersr 

*-  ohtrtins  for  futkJre  planning  purposes  analyses  of  science  education  from  the 
unlqoe  |>erspective  of  the  best  classroom  tejichers. 

Grants  will  go  to  coll*>ges  and  unlversf  t  iei?  And  other  institoti'^ns  with  predollege 
scif^nce  aikd  m;kth4inatics  teaching  capability  to  develop*  then  operate  programs  of 
professional  iwiirovement  for  selected  precollno<J  teachers.    Participation  ^ind  contributions 
by  indtkStry  will  yyp  strongly  encouraged.    Practical  experience  and  demonstrated 
pxcfi  1  lence  In  the  design  nnd  delivery  of  precolleoe  science  and  mathenatics  teaching 
will  bo  emphasized  and  15  strongjly  eticouragod. 
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*  id^rttific'atiort  Jirtfl  soloctft^n  of  science  ^rtd  pathematics  teachet^  o£  demo  rt  3  tea  ted 
Kl^h  quality  and  perfotm&rtce:  c^^rtif ic<itos  f5£  honors  approjft-iato  publicity* 
otc.  will  assure  r0Cf>|nit  Jon  and  prcst  itje  for  the  5eLecte<^f 

*  dcvciopFtent  of  conference  matarials} 

^    t^orki>hops  that  prov  M<>  ^pccidli^od  trainifVi  ^nd  practical  experiences  in 
Inportant  arc^a?  of  science  and  technology '*for  the  participants! 

°    oEfort'f  of  participant.?  tf5  C()llat)Orata  in  identification  and  documentation 
of  current  trondS'  problems*  etc*  in  science  education  from  thatr  perspective 
to  be  used  by  tjsp  for  evaluatloi  and  protjraim  planning. 

*  extenfiion  oi  workshop  t^enefits  b/  a  requirement  that  pnattieipants  carry  hack 
to  their  colleagues  material^  and  inforoka t it^n  to  achieve  ^  wider  impac*;* 

Ut^rkshopd  Are  expectod  to  vary  in  lemjth  depending  on  tho  proposed  nature  of  activity 
and  part Icipaats.    Careful  attention  will  be  paid  to  procedures  for  asdurimj  tfic 
effect  i'^enojis  oi  training*  such  as  evaluation?  at  the  end  of  programs  and  the  award^ 
in^  of  regular  college  credit  or  suitable  alternatives  recognition  of  concrete 
achieverttent.    The  amounts  requested  tor  19S3  would  allow  the  participation  of  apprOK^ 
Jmateiy  7Q0  science"  and  ]nat;ho7iiat  Jcs  teachers. 
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1984  NATIONAL  SCIENCE  FOUNOATION 
AUTHORIZATION 


TUESDAY.  MARCH  1. 

House  of  Representatives, 
Committee  on  Science  and  TechnologYj 
Subcommittee     Science,  Research  and  Technology, 

Washington^  D.C, 

The  subcommittee  met,  pursuant  to  recess,  at  2:46  p.m,,  in  room 
2318,  Rayburn  House  Office  Building,  Hon,  Doug  Walgren  (chair- 
man of  the  subcommittee)  presiding. 

Present,  Representatives  Walgren,  Durbin,  Gregg,  McGrath, 
Skeen,  Boehlert^  Bateman,  and  Valentine. 

Mr,  WalgUen,  The  subcommittee  will  be  in  order. 

Let  me  call  us  together  and  we  will  begin  today's  hearing. 

This  is  the  second  day  of  authorization  hearir^^s  for  the  National 
Science  Foundation,  and  we  will  look  at  some  of  the  lesearch  pro- 
grams of  the  Directorate  of  Astronomical,  Atmos}..  ^ric,  Earth,  and 
Oceanographic  Sciences, 

It  is  safe  to  say  that  the  research  sponsored  by  this  Directorate 
ha&j  more  than  any  other  single  program,  really  revolutionized  our 
view  of  both  our  planet  and  the  universe  in  which  we  live. 

If  we  now  accept  the  fact  that  we  live  on  continents  which  ride 
on  giant  plates  drifting  over  the  surface  of  our  planet,  it  is  due  to 
two  decades  of  National  Science  Foundation-funded  research  in 
crustal  processes>  botii  on  land  and  at  «ea.  Quasars,  pulsars,  red 
dwarfb,  and  black  holes  are  now  familiar  words  to  a  public  who 
have  watched  the  Cosmos  and  nOVA  television  shows  with  fascir-a- 
tion  and  who  have  made  three  new  science  magazines  a  success  in 
the  last  3  years.  Again^  NSF-sponsored  research  is  most  responsible 
for  these  discoveries. 

Just  as  an  aside,  one  time  I  asked  n^yself  what  I  felt  was  the 
most  important  photograph  that  had  been  taken  during  my  life- 
time, and  I  kept  coming  back  to  that  picture  of  the  Earth  taken 
from  the  Moon  all  by  itself,  as  having  really  the  greatest  impact  on 
our  view  of  ourselves,  our  view  of  our  lives,  what  we  mean  to  each 
other,  and  what  we  should  do  with  our  lives  for  the  future  of  man- 
kind ^ 

And  so  it  is  in  these  areas  that  great,  great  changes  in  Percep- 
tion of  each  other  and  what  is  meaningful  have  occurred. 

The  accomplibhmentb  of  the  program  supported  by  this  director- 
ate also  point  out  the  interdependence  of  science  ai^d  technology. 
Research  submersible^;  explored  and  sampled  hot  springs  more 
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than  1  mile  below  the  yea  burrace  and  found  unique  forms  of  life 
there. 

Drilling  techniques  developed  for  use  m  deep  ter  enabled  the 
ocean  drilling  ship  Challenger  not  only  to  drill  holes  in  thousands 
of  feet  of  water  but  to  find  and  reenter  a  drill  hole  months  later  for 
additional  sampling. 

In  astronomy,  satellites  and  silicon  chips  have  both  contributed 
to  a  great  increase  in  observing  sensitivity  and  capacity  at  all  wave- 
lengths with  the  resulting  discover>  of  new  and  wondrous  objects 
in  the  universe.        ^      ■     ^  * 

Clearly*  for  the  United  States  to  maintain  a  position  on  the  fore- 
front of  scientific  exploration  requires  not  only  strong  support  for. 
scientists  but  for  the  engineers  and  technicians  that  design^  builds 
and  operate  these  expensive  and  sophisticated  research  tools. 

Today  we  will  hear  about  oceanography*  ocean  drillings  and  as- 
tronomy We  will  learn  something  about  the  research  opportunities 
and  the  needs  in  these  fields.  I  regret  that  ti^^  does  ^oi  allow  us 
to  explore  all  the  programs  of  the  Directorater  yLrealize  that  the 
CO  tinental  earth  sciences  and  the  atmospheric  ^sc;iences  have  their 
own  stories  to  tell,  and  I  hope  we  will  b^  able  to.fiear  them  in  the 
future  But  I  certainly  want  to  assure  those  interested  in  those  as- 
pects of  the  National  Science  Foundatioi;i  that^they  are  not  neglect- 
ed by  this  committee  in  our  budget  reviews.    *.  .\ 

At  this  point  I  would  like  to,  before  int*- educing  Captain  Cous- 
teau,  turn  to  the  minority  for  any  statement  they  would  like  to 
make.  ' 

Mr,  McGrath, 

"Mr.  McGeath,  Thank  you,  Mr,  Chairman. 

I  would  just  like  to  welcome  Captain  Cousteau  and  Dr.  Knapp 
and  our  other  distinguished  panelists. 

Mr.  Walgeen.  It' now  gives  me  great  pleasure  to  welcome  as  our 
first  witness  a  person  who  has  expanded  the  horizons  of  millions  of 
Americans  who  have  enjoyed  and  been  educated  about  the  oceans 
by  the  pioneering  work  that  he  has  done. 

Captain  Cousteau  needs  no  introduction  to  the  science  communi- 
ty in  the  United  States.  We  are  very  pleased  you  are  here.  We  feel 
it  particularly  important  that  someone  of  >our  stature  would  invest 
tho  time  to  come  and  talk  to  us  about  your  view  of  what  science 
holds  ii^  this  area.  It  is  not  lost  on  the  other  Members  and  on  the 
executive  branch  of  this  Government  that  you  are  here. 

So,  welcome  to  the  committe^e^  Captain  Cousteau. 

Any  written  remarks  you  would  like  to  make  will  be  made  a  part 
of  the  record,  and  you  can  proceed  to  present  >oyr  views*  however 
you  feel  most  comfortable  and  effective.  It  is  nice  that  you  are 
here.  ' 

[The  biographical  sketch  of  Captain  Cousteau  follows^ 
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SducaUon:    tiavy  Ac^decayi  Bre^ti  France 

W  Cicpcrlence:   tflth  Pt'Cncti  uttdcrground ,  helped  clear 
of  Kediterrsneaa  coaat  of  sln^a 

'  Decorations:    Lc^on  of  N&nori  Croix  Guerro 

Fo^itions:    Founder  and  FreM<iont|  CaDP^gniea 
Oce  Sinograph  iquo  Francal^e^ 
CaPtalt),  RV  CALYPSO 

Director:    Ku^^co  Occanographlque  de  Monaco 

JlccocPliahocnta:    Coinventor  of  the  ai^ualunS  t^tiich  haa  oado  Possible 
tho  Qodcrn  sport  of  scuba  divlnS 

First  Person  to  take  color  picture*  under 
tfator 

Avid  diver,  helped  deaiStt  several  divins 
vessels 

Inventor  of  process  to  ustt  TV  un<)ervater 

*flaa -produced  books,  filcsi  and  TV  i^hcfvg.  on  the  soa 
over  the  laat  tventy  yearai    Those  have  won  awards 
at  many  flia  fostlval^i  Including  an  Oscar* 

Foroign  £]Ccibor  of  the  Ilati(»tal  Acadeoy  of  5clonces  (aOMiS  a  larSe 
truster  of  honors  and  awards) 
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STATKMKNT  OP  <  APr  M<XllfKS-YVKS  COUSTKAtJ*  PKBSIDKNT, 

<  <>USTKAU  SOCIKTY 
eapamreousTEffurTta7Tk~y^cja7Mr7Cha^^^ 

If  you  allow  me,  Mr,  Chairman,  before  I  make  my  statement,  my 
official  statement,  I  would  like  to  confess  something.  I  am  not  an 
American  citizen.  But  I  have  b6en  raised  as  a  boy  in  New  York 
City  I  played  baseball  on  95th  Street,  and  I  broke  a  number  of  win- 
dows at  that  time,  with  the  usual  consequences  for  kids.  [Laughter.] 
J  cam6  regularly  back  to  the  States  when  I  was  16,  when  I  was 
25,  and  from  195  on,  every  year,  and  since  1974  I  have  been  spend- 
ing almost  half  of  my  time  here. 

I  have  been  a  witness  from  the  outside  of  what  was  going  on  in 
the  tJnited  States.  I  fee!  almost  like  an  American  citizen  because  I 
pay  niy^taxes  here  I  must  say  that  I  was  proud  of  tHfe  advances, 
technical  and  scientific  advances,  of  the  United  States  after  the 
war.  ^  ^ 

I  was  fascinated  by  all  the  progress  made  in  oceanography, 
tnainly,  ttianks  to  such  agencies  as  the  Office  of  Naval  Research, 
which  was  at  that  time  lavishly  supporting  basic  research, 

I  must  say  thnt  I  have  also  witnessed,  since  1968^  a  certain  de- 
cline in  the  leadership  in  science  and  technology  of  the  United 
States,  At  the  same  time^  before  1968>  t!ie  Eui  ^ean  best  brains 
used  to  come  here  to  work.  Now,  there  is  the  beginning  of  the  re- 
verse trend,  American  brains  going  abroad. 

I  think  it  is  a  very  serious  situation.  Since  1968,  one  after  the 
other,  the  various  budgets  were  reduced  slowly,  and  slowly  but 
surely  for  fundamental  research.  Only  recently,  since  the  President 
spoke  a  few  encouraging  words  in  his  state  of  the  Union  address, 
can  we  hope  that  the  trend  will  be  reversed  in  the  future. 

I  think  this  subcommittee  has  a  lot  to  do  to  encourage  a  reversal 
of  the  trend>  because  the  future  of  America  is  in  its  leadership  in 
science  and  technology. 

I  have  been  asked,  Mr  Chairman  and  members  of  the  subcom- 
mittee, to  express  my  views  on  what  the  goals  of  basic  oceano- 
graphic  researdi  should  be  in  the  eighties.  It  is  a  great  honor.  It 
can  only  be  done  today,  keeping  in  perspective  the  close  relation- 
ship between  the  ocean  as  a  whole,  and  the  very  existence  of 
human  beings. 

Because  we  breathe  air  and  integrate  water  in  our  bodies,  it  is 
natural  that  we  otudy  the  atmosphere  and  the  ocean.  We  have  de- 
veloped the  study  of  the  atmosphere  and  created  real-time  meteo- 
rology We  know  at  every  moment  what  is  happening  in  the  atmos- 
phere, u<\ng  the  latest  devices. 

It  seems  to  me  that  it  is  high  time  to  develop  real-time  oceano- 
logy  Spot  rr>easurements  of  temperature  and  salinity  with  conven- 
tional methods,  even  if  these  methods  have  been  perfected,  thanks 
to  highly  sophisticated  instruments,  such  spot  measurements  are 
very  difficult  to  coordinate  precisely'  because  the  ocean  is  a  con- 
stantly changing  environment. 

In  order  to  be  able  to  grasp  the  complexity  of  these  changes,  real- 
time data  must  be  collected  in  key  areas.  Remote  sensing  must,  of 
course,  be  perfected,  but  aiso  thousands  of  inexpensive,  lightweight. 
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drifting  buoyb  should  k*  constantly  spread  over  the  oceans,  dropped 
by  airplanes,  interrogated  by  satellites. 

The  pulse  of  the  world  oceans  must  be  followed  daily  as  we  daily 
take  the  pulse  of  the  world  atmosphere.  This  is,  of  course,  a  big  en- 
terprise. It  should  be  a  cooperative  international  enterprise,  but  we 
do  not  trust  the  intei^overn mental  orgar izations.  They^have  been 
discussing  these  nriatters  for  d^ades  with  no  results  whatsoever 

So,  in  order  to  break  this  inertia,  I  recommend  to  start  a  two-, 
three-,  or  four-nation  venture.  For  such  a  fundam^ental  and  perma- 
nent study,  very  few  ships  are  needed,  but  apart  from  satellites, 
there  is  a  need  to  develop  a  reliable  slow  takeoff  and  landing  sea- 
plane, especially  designed  for  oceanography. 

As  you  know,  ^aplanes  have  been  abandoned  for  transportation, 
and  rightly  so.  But  for  oceanology,  slow  talteoff  and  landing  sea- 
planes, with  even  a  small  wind,  can  almost  takeoff  and  land  verti- 
cally. There  is  such  a  plane  made  in  Japan,  but  it  is  a  little  too 
small  and  it  has  not  been  designed  specifically  Jor  the  kind  6f  Oper- 
ation that  we  would  like  to  conduct.  I  very  strongly  recommend 
that  such  a  seaplane  be  studied  because,  we  will  need  it  badly  in 
the  future,  and  it  would  save  millions  of  d-^llars  once  it  is  devel- 
oped. 

Then  we  have  another  set  of  problems  to  study:  The  four  inter- 
faces of  the  ocean.  The  air/ocean  interface  is  already  th^  object  of 
very  substantial  studies  the  world  over.  That  is  where  the  climates 
are  conceived,  and  It  is  because  of  the  interest  of  meteorology  spe- 
cialists that  this  interface  has  been  so  lavishly  funded. 

Tiie  ocean  bottom  interface  is  where  continents  and  ocean  basins 
are  forged,  where  mineral  are  generated  and  rxytrients  regenerat- 
ed. 

Well,  as  you  know,  big  programs  have  been  developed  in  the 
United  States  by  NSF  to  drill  into  the  bottom  and  understand 
better  the  geophysics  of  the  Earth,  but  it  is  only  one  facet  of  this 
bottom  study. 

The  coastline  provinces  are  the  third  frontier  of  the  ocean.  That 
is  where  the  human  pressure  is  the  highest.  There  is  one  thing 
that  few  people. take  into  consideration.  In  that  place  along  the 
coastline,  waves  breaking  generate  marine  aerosols  which  spreads 
pushed  by  the  v;ind,  oligo*elements  that  fertilize  agriculture  way 
inland,  to  such  an  extent  that  some  people  have  begun  to  establish 
a  close  mathematical  relationship  between  average  wind  speedy  siste 
of  the  waves,  and  the  fertilization  of  the  land* 

Finally,  the  fresh  water/salt  water  interface  is  extremely  impor- 
tant at  the  deltas  and  mouths  of  large  and  small  rivers  and  of  var- 
ious runoffs. 

The  study  of  these  four  frontiers  of  Ihe  ocean  calls  for  highly  spe- 
cialized equipment^  veiy  special  ships,  and  helicopters. 

Studying  the  ocean  as  a  vast,  living,  and  ever-changing  environ- 
ment, focusing  on  its  main  interfaces  to  better  understand  the  in- 
teraction between  natural  forces  and  human  increasing  interfer- 
ence, must  lead  us  to  broader  concepts. 

As  I  understand  the  general  direction  ofjesearch  presently  being 
funded  and  then  balance  this  against  the  problems  this  country 
and  our  entire  global  society  face,  I  worry  that  some  very  impor- 
tant questions  are  not  being  addressed. 
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1  would  like  tutlay  to  sUare  some  thoughts  on  what  \  call  ecotech. 
By  this  tertn,  1  mean  the  integration  of  such  human-oriented  disci- 
plines as  economics,  sociology,  and  l^ndbcape  architecture  with  nat- 
ural system  subjects  such  as  ecology  and  geology,  hydrology,  and 
energy  analysis.  ' 

Ecotech  encompasses  these  academic  disciplines  and  adds  the  use 
of  appropriate  technology  to  address  tha^most  important  problem 
humanity  faces  t""day:  The  sound  management  and  integration  of 
human  and  natural  processes. 

We  need  to  understand  both  of  these  domains,  each  in  the  con- 
text of  the  other,  and  we  need  to  develop  management  strategies 
which  acknowledge  and  promote  the  vital  interconnections  between 
each  We  m\ist  embrace  ecology,  economics,  anj  with  appropriate 
technology,  develop  alternate  futures  to  insure  a  healthy  and  pro- 
ductive biosphere. 

As  you  know,  my  pnjna^y  concern  has  been  the  ocean>  first  as  a 
frontier  to  explore^  then  as  a  resource  which  should  be  managed 
wisely  for  continued  produdyyity.  I  have  consistently  expressed 
fears  that  renewable  ocean  resources  are  being  either  overexploited 
or  mismanaged,  and  tliat  using  the  sea  as  a  universal  sewer  will 
reduce  its  vitality  and  thus  diminish  our  benefit  from  its  resources. 

But  such  mechanical  destruction  and  pollution  are  most  often 
considered  as  isolated  issues  separate  from  an  integrated  concept  of 
the  whole;  that  is,  without  an  appreciation  for  how  the  human  and 
natural  resources  interact  in  the  entire  system. 

At  National  Science  Foundation^  relatively  large  amounts  of  dol- 
lars and  energy  have  been  invested  in  studying  molecular  biology 
and  biochemi^firy,  and  the  work,  thanks  to  the  NSF  peer  review 
process  and  other  factors,  has  been  impeccable  science. 

A  smaller  investment  has  been  made,  though,  at  higher  levels  of 
organization  such  as  population  ecology  and  ecosystem  function, 
and,  possibly  due  to  limited  information  and  njethodol6gies>  some 
have  considered  this  soft  science. 

Finally,  almost  no  support  has  been  given  to  study  at  the  level  of 
interactions  between  ecosystems  and  human  systems.  I  view  this  as 
a  tragi  mistake,  since  it  is  at  this  level  that  humans  are  presently 
exerting  a  ms^or  influence  on  the  biosphere. 

Of  course>  human  influences  affect  lower  levels  as  well^  but  proc- 
esses occurring  at  a  high  level  cannot  be  :i;tudied  from  a  level  of 
organization  below  it.  This  reminds  me  of  a  statement  by  Einstein 
which  could  be  easily  equated  to  this  one. 

It  is  at  this  broad  or  high  system  level  where  we  have  the  most 
to  gain,  by  designing  systems  which  maximize  the  benefits  from 
our  environment.  And  it  is  at  this  level  where  we  have  the  most  to 
lose,  as  we  can  potentially  destroy  entire  ecosystems  on  which  we 
depend. 

Addressing  the  problem  at  any  level  of  organization  below  this 
will  leave  important  questions  unanswered.  The  limitation  of  the  ' 
reductionist  paradigm  1$  that  each  discipline  is  unable  to  look, 
beyond  its  own  domain  or  above  its  ?evel  of  organization^  atid,  con-/ 
sequently,  each  is  inadequate  to  address  some  of  our  most  impor- 
tant problems  and  thus  to  develop  solutions. 

I  feel  the  National  Science  Foundation  should  support  holistic 
science  as  seriously  as  it  has  promoted  reductionist  science. 
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Rt*C(jntl>  I  turiK'd  ni>  a(UnUion  from  the  sea,  exclusively,  to  an 
exploration  riverb*  Gutaubu  it  was  obvious  that  rivers  nave  an 
impact  on  the  sea  as  carriers  of  nutrients,  organic  matter,  sedi- 
ments* and  pollutants.  Upon  exploring  the  Nile,  the  St,  Lawrence, 
which  drains  the  Great  Lakes,  and  now  the  Amazon,  it  has  bi  ?n 
forLt;full>  impressed  upon  me  that  the  rivers  are  merely  a  reflec- 
tiuij  of  the  land  c*rea  which  they  drain,  and  that  in  many  cases  this 
is  dominated  by  the  actions  and  effects  of  human  activity. 

As  1  travel,  I  am  constantly  reminded  that  natural  systems  and 
human  systems  are  becoming  more  closely  bound  v\d  that  to  un- 
d^rbiond  one  without  considering  the  other  is  impossible  My  point 
here  is  that  I  beliu\e  the  National  Science  Foundation  should  sup- 
port and  develop  a  new,  integrated  science  of  humanity  and  nature 
which  will  study  and  direct  the  relationship  between  the  two. 

As  I  mentioned^  vve  need  a  conceptual  framework  in  which  to  in- 
tegrate natural  systems,  human  systems,  and  appropriate  technol- 
ogy. We  need  to  understand  the  patterns  of  the  bndsca^ including 
coastal  regions*,  the  human  and  natural  systems  which  survi\,*  in 
these  rt^giuns,  the  distribution  and  exchanges  of  energy  and  matter, 
the  controlling  role  of  waten  feedback  loops  within  these  systems, 

d  we  need  to  be  able  to  evaluate  alternate  futures  in  light  of 
odch  mudelb.  Ultimately,  this  must  become  pari  of  the  process  of 
policy  development 

Water  ib  a  particularly  appropriate  example  of  such  studies, 
sjna*  it  ib  not  limited  by  any  of  our  artificial  disciplinary  bound* 
aries.  It  is  simultaneously  a  controlling  force  in  many  physical,  bio- 
logical, and  human  processes  and,  at  the  same  time,  is  afiected  by 
each  and  in  turn  influences  the  remaining  two. 

As  water  brings  life  to  ecosystems  in  precipitation^  it  also  may 
bring  death  from  remote  sources  vf  pollution.  Water  symbolizes  the 
absolute  miureonnectedness  of  all  segments  o(  the  biosphere,  and 
attempts  to  answer  questions  about  its  allocation  and  most  appro- 
priate use  interface  with  almost  every  academic  discipline. 

Now,  when  I  speak  of  water  instead  of  the  ocean,  it  is  because  all 
waters  originate  from  the  ocean  and  we  cannot  disassociate  fresh- 
water systems  from  the  salt-water  system, 

I  urge  you  to  assemble  the  most  open-minded  and  creative  people 
who  represent  su-^h  fields  as  geology,  economics,  environjiiental  en- 
girieering,  planning,  ecology,  sociology,  oceanograpiiy^  landscape  ar- 
ehitecture,  energy  analysis,  politics  and  anthropology,  and  to  en- 
courage  them  to  develop  a  new  science  which  encompasses  all  seg- 
ments  and  processes  of  our  biosphere.  Merely  getting  such  diverse 
interests*  to  Communicate  and  to^  reach  consensus  about  the  domain 
and  objectives  of  this  subject  will  be  a  monumental  task,  I  know. 

I  hope  that  from  this  will  come  a  definition  of  specific  projects 
such  as  the  development  of  quantitati\!e  natural  and  human  re- 
source inventories,  theoretical  principles  applicable  to  the  entire 
system,  integrated  system  models,  and  optimization  and  value-as^ 
sessment  techniques  such  as  those  being  used  by  Ian  McHarg  and 
Howard  T.  Odum, 

The  techniques  employed  by  both  of  these  pioneers  and  their 
teams  have  been  very  helpful  in  guiding  environmentally  sound  de 
velopm?nt  which  maximizes  human  benefit  from  nature^s  free 
services. 
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I  am  toiwincetl  that  tlic  National  Science  Foundation  is  the  best 
organization  to  do  thii>^  primarily  because  of  its  success  in  promot- 
ing good  research  in  other  fields. 

The  ocean  is  very  definitely  part  of  this  proposals  but  even  the 
ocean  is  only  part  of  this  system  and  cannot  be  Considered  as  an 
entity  isolated  from  all  other  parts.  I  urge  you  to  make  a  commit- 
ment to  support  the  study  of  humanity  and  nature. 

Thanfc  you. 

[The  prepared  statement  of  Captain  Cousteau  follows.] 
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CftPTftiK  JAOTJES-YVeS  COUSTEAU 


1  have  been  asked  to  express  my  views  en  what  the  geals 
of  bflsiG  ocoanogiaphic  research  should  be  intho  eighties. 
This  can  only  be  dene  today  -  )ioepin<j  in  perspective  the 
close  rolAtionship  between  tho  ocean  as  a  whole  and  the 
very  existenec  of  hum^n  beings^    Because  we  breathe  ftir  and 
inLe<jrate  water  in        bodies*  it  is  natural  to  study  the 
jLtnosphert;  ond  the  ocean.    We  have  developed  the  study  of 
the  almosphore  anJ  created  real-time  meteorology.     £t  seeiits 
to  mo  that  it  i&  high  time  to  develop  real-time  o;;eanology. 
Spot  measarenwnts       temperature  and  salinity  with  conventional 
motttods,  oven  it  thQ^<^  methods  are  highly  sophisticatedf  are 
difficult  to  coordinate  precisely  because  the  ocean  is  a 
constantly  changin'j  f^nv  ironmcnt. 

in  order  to  be  able  to  ^rasp  the  cemplexity  of  theses 
changes,  roal-tiitio  data  must  be  collected  irt  key  arcab. 
Romete  sen^^ing  must  ho  perfected,  bv)t  alse  thousands  of 
inexpensive,  lightweights  diTiftin^  buoys  should  be  spread 
over  the  oceans,  dr  jppcu  by  airplaneSf  interrogated  by 
satellites.    The  pul^^'       the  world  oceans  must  be  followed 
daily,  as  we  daily  take  the  pulfse  ot  the' wcrla  atirosphere. 
This  IB     coeperative  intetnatjontil  enterprise*  but  one  way 
to  breah         inertiv  of  intergevornraental  erganisatiOns  is 
to  start  a  twOf  Ihicee  or  four  natien  venture.    FOt  such  a 
funUarae(>r  a  I  an-l  permanent  study,  very  few  ships  are  needed/ 
but  apart  trom  batcllitesf  *  here  is  a  need  to  develop  a  reliable 
0       take  off  and  landing  seaplane,  specially  designed  for 
oceanographyi 

Tiv^n  we  have  ono.hct*  ^^rt  ef  problemij  te  study  -  the  four 
interfaces  el  Hie  oceani     th<  air/eccan  interfaee  where 
clinates  are  conciiived.    The  ocean  bottom  interface*  where 
<.v^ntinc^n*s  and  orcvin  basins  are  for^ied,  where  minerals  a^'e 
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ProvincosuJi^c  tbo  human  pressure  ls  hicfhcstf  whore  naJcine 
aerosols  spread  oligo-olenients  that  fertilize  agncolture 
w*iy  inla^j*    And  finally^  the  fresh  woter/solt  water 
intorfaccr  at  deltas  and  mouths  o£  lar^c  and  small  rivers, 
of  various  run"Offs,    The  study  oi  these  four  frontiers  of 
the  ocean  calls  for  highly  specialized  cquipmentf  vory  special 
ships  and  helicopters* 

Sturjyin?  the  oceat)  as  a  vast/  living  and  ever  ehatigitig 
environment/  focuumg  on  its  main  interfaees  to  better 
unders tat)d  the  interaction  betwoon  natural  forees  ^nd 
human  increasing  intfitf erence/  most  lead       to  broader  eoncepts* 

AS  i  under£;tand  the  general  direction  of  research 
pregently  bcrncj  funJed  and  then  balance  this  i^^^ains t*the 
problems  this  country  and  our  ertire  global  Sfelety  face,  1 
worry  tb.tt  some  very  important  questions  oro  not  being 
addressed'    I  would  like  today  to  share  soma  thoughts  on 
what  1  call.Eeoteuh-    By  this  term/  1  mean  the  integration 
of  such  homan  orionteJ  diseiplines  as  eeonomicsr  soeiology* 

I  hpyj  ond  landscape  arehi^.eeture  with  natural  system 
subjects  such  as  eeology  and  gaologyi  hydrology*  and  energy 
analysis.    Ecoteeh  encompasses  these  aeademic  diseiplines 
and  adds  the  ose  of  appropriate  technology  to  address  the 
most  important  problem  humanity  f^ees  todayi    the  sound 
manageiment  qitd  intcfjrat ion  of  human  and  natural  processes. 
We  need  to  understand  both  of  these  domains*  eaeh  in  the 
eontext  o£  the  other*  and  we  need  to  develop  management 
strategies  whieh  aeknowledge  and  promote'the  vital 
interconnections  between  each*    We  must  embtace  eeology t 
economics t  qnd  with  appropriate  technology f  develop  alternate 
futures  to  insure  a  healthy  qnd  productive  biosphere* 
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AS  you  knowf  f^y  primary  /concern  ^^^^  been  the  oco^ot 
ttv^t       a  frontier  to  oxplorOf  then       ^  resource  which 
should  be  managed  wisely  for  continued  pro<3uctivity  X 
have  consistently  c;cpressed  fears  that  renewable  ocean 
resources  arc  bexng  over  exploited  and  that  using  the  seas 
as  a  utiivocsal  sewer  wiZ^  reduce  its  vitality  and  thus 
duttinish  our  benefit  from  its  resources..    But  such 
mechanxcal  'Jestructio^i  and  pollution  are  jnost  often 
considered  as  isolated  issues  separate  from  an  integrated 
conc'ept  of  the  wholes     that  Lb*  without  an  appreciation 
for  how  the  human  and  n<itural  resources  interact  in  the 
entire  system- 

At  NSF,  relatively  large  amounts  of  dollars  and  energy 
hdvc  itr^on  invested  in  studying  molecular  biology  and 
biochemLstryf  -and  the  work^  thanks  to  the  USP  peer  review 
proce^^  and  other  factors^  has  been  impeccable  science. 
A  smaller  mvet^Unent  has  been  made,  though/  at  higher 
lovels  of  organisation  f^uch  as  population  ecology  and  ecosyst 
function  andf  possibly  due  to  limited  infortoation  and 
methoUologiesf  some  have  considered  this  soft  science^ 
Finallyf  alwost  ^o  support  has  been  given  to  study  at  the 
ievtl  of  interactions  between  ecosystems  and  human  systems., 
t  vxew  this  as  a  tragic.. mistake  since  it  is  at  this  level 
that  huiD^  are  presently  exerting  a  ma^or  influence  on  the 
biosphere-    of  course*  human  influences  affect  lower  levels 
as  well,  but  processes  occurring  at  a  high  level  cannot  he 
studied  from  ^  level  of  organization  below  it.    It  is  at 
this  broad  or  high  sy:>tem  level  wh^re  we  have  the  most  to 
gain*  by  designing  systems  which  maximize  the  benefits  from 
our  environment.    And  it  i£  at  this  level  where  we  have  the 
irtost  to  lose  as  wc  can  potentially  destroy  entire  ecosystems 
on  which  we  depend.    Addressing  the  problem  at  any  level  of 
organisation  below  this  will  leave  important  questions 
u:tansw<^red.    The  limitation  of  the  reductionist  paradigm 
IS  that  each  discipline  is  unable  to  look  beyorid  its  own 
domdiKi  ot  abovo  its  Ic'vol  of  organization  a»df  consi^^uently^  ^ 
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e^ich  ig  ind<JC"^uate  to  atUitus  eomc  of  our  most  impottatit 
ProbleniS  ^na  thus  to  dcvolop  solatiotis*    I  feci  NSF  should 
support  holistic  science  as  seriously  as  it  has  promoted 
rcductionjist  science. 

Recently  I  turned  my  attention  from  the  saa*  oxclu^ivelyr 
to  aiv-jcxplwr^ition.  of  .iLiv<?r&  becauis^  it  was  obvious  that 
rivers  h^ive  an  impact  on  the  sea  as  carriers  of  nutrlentSf 
oi^^anic  ntatter/  sedlntc/^s  ^nd  pollutants.    Upon,  exploring 
th<s  tJile,  the  St.  Lawrence  which  di:ains  the  Great  LakeSf 
and  now  the  m^izorif  xt  ha$  been  forcefully  impressed  upon  nie 
that  the  rivets  ore  nicrely  a  reflection  of  the  i^nd  area  which 
they  Urainf  and  that  in  many  cases  this       dominated  by  the 
actions  and  effects  of  hoinan  activity*    As  I  travel/  t  ant 
constantly  reminded  that  natural  systems  and  human  systems 
are  becominij  more  closely  bound  and  that  to  understand  one 
without  considering  the  other  is  irapossible.    My  point  here 
iS  that  I  t-eU<?vo  the  hsF  should  support  and  develop  a  new, 
intevjrateii  i>cience  of  humanity  and  nature  which  will  stwdy 
and  direct  the  relationship  between  the  two* 

AS  I  mentioned/  we  need  a  conceptual  framework  in  which 
to  integrate  natural  systems/  human  systems^  and  appropriate 
technology.    We  need  to  understand  the  patterns  of  the 
landscape  including  coastal  regions*  the  human  and  natural 
systems  which  survive  in  th&se  regions/  the  disti^ibution  and 
exchanges  of  energy  and  matter/  the  controlling  role  of 
waterr  f^ed  back  loops  within  these  systemSr  and  we  need  to 
be  ible  to  evaluate  alternate  futures  in  light  of  such 
models*    Ultimatelyf  this  must  become  part  of  the  proeess 
of  policy  development, 

W*jter  IS  a  particularly  appropriate  example  since  it 
IS  not  limited  by  any  of  oui  artificial  disciplinaiy  boundaries* 
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Mr.  Wauiiikn.  Thank  you  very  much,  Captain  Cousteau. 
That  is  a  power!uI  and  large  statement. 

I  cannot  help  but  bring  to  mind  that  the  United  States  seems  to 
have  been  pulling  back  from  exactly  some  of  the  directions  that 
you  indicate  it  makes  sense  to  go  in.  I  think  of  our  at  least  govern- 
mental withdrawal  from  ^ome  international  scientific  agencies  that 
wera-trying^^Oj^-asJ  understand  it,  look  at  global  resources— the 
lASA  group  in  Austria,  in  particular. 

Has  that  become  evident  in  your  view  of  the  U.S.  scientific  com- 
munity from  an  international  perspective?  How  are  events  like 
that  perceived  in  the  international  scientific  community? 

Captain  CousteaU.  As  yoa  know,  Mr  Chairman,  the  trends  in 
science  have  been  traditionally  set  by  this  country.  After  the  war 
and  until  ^hat  fatal  date  of  1968,  a  large  share  of  the  funds  was 
allotted  to  fundamental  research,  basic  research.  Since  1968,  the 
fashion,  the  trend,  is  to  encourage  applied  science. 

Applied  science  generates  improvements,  never  any  break- 
throughs. It  is  only  basic  science  that  brings  about  the  break- 
throughs. So  there  has  to  be  a  balance  between  the  two.  I  do  not 
think  that  at  this  stage  it  is  the  case. 

I  must  say  that  all  the  other  countries  have  followed  the  exam- 
ple of  the  United  States,  exactly  like  the  women  of  the  world  follow 
the  trend  of  French  fashion. 

Mr.  Walcren.  Is  there  a  reason  why  1968  was  a  watershed,  em- 
phasizing applied  science  thereafter? 

Captain  CoustEau.  I  think  that  is  the  time  when,  by  a  series  of 
bills-^in  Europe,  we  call  it  the  Johnson  Act,  but  in  fact  it  is  a 
series  of  bilU  which  have  forbidden  or  made  it  difficult  for  the  mili- 
tary to  fund  research  that  is  not  directly  aimed  at  military  goals. 

When  you  know  the  amount  of  breakthroughs  that  have  been 
made  in  oceanography,  thanks  to  the  funding  of  the  Office  of  Naval 
Research,  you  understand  that  from  then  on  that  was  finished.  I 
think  it  was  a  fatal  blow. 

Mr.  Walgren.  That  was  the  Johnson  Act? 

Captain  Cousteau.  It  was  during  Johnson's  Presidency.  We  sim- 
plify abroad  the  intricate  American  bills  by  calling  it  th^  Johnson 
Act  when  We  want  to  criticize  this  attitude. 

Mr.  Walcren.  And  it  directed  things  aw^jy  from  

Captain  Cousteau.  Yes,  from  fundamental  research. 

Mr.  Walgren.  From  fundamental  research  in  the  military  in 
particular? 

Captain  Covstbav.  No,  no,  not  only.  From  then  on,  the  scientists 
had  to  justify  that  their  research  would  bring  about  material  ad- 
vantages. 

Mr.  Walgren.  I  see. 

Captain  Cousteau.  They  couldn't  care  less,  but  they  have  to 
season  their  application. 
Mr.  Wai<gren.  I  see. 

Let  me  ask  what  the  barriers  are  to  greater  international  cooper- 
ation and  how  we  can  encourage  more  cooperation.  I  know  it  is  a 
broad  subject,  but  I  do  sense  in  certain  areas  our  Government  is 
pulling  back  into  a  kind  of  nationalism,  even  to  the  point  of  con- 
cern about  spread  of  information,  literally,  abroad,  in  apprehension 
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that  it  hys  burnt-  wcurity  connotations.  Yet  it  iii  clear  that  the  sci- 
entific community  certainly  hdb  to  be  a  world^vide  community. 

What  are  some  of  the  real  barriers  to  international  cooperation 
thatjyou  have  experienced,  and  do  you  have  any  advice  for  us  in 
th  aTitr^ia2^— — — .^^^ 

Captain  CopSTPAtr  ^Well,"  afj  you  know,  I  have  not  experienced, 
myself,  anything  directly  b^*caube  wt;  are  completely  self-bupported, 
ancPwe  do  not  .receive  any  government  funds  from  any  country, 
whether  it  is  tlie  Ocean ographic  Institute  of  Monaco  or  the  Cous- 
teau  Foundatij^n.  We  don't  want  any  government  funds,  in  order  to 
be  completely-free.  But  that  is  exceptional*  so  let's  forget  about  my 
own  direct  experience. 

I  was  very  Struck  when  1  went  to  the  Jet  ProjJulsion  Laboratory 
several  times  at  the  time  when  the>  were  preparing  Sea-Sat  It  was 
y  long  time  that  we  were  waiting  for  a  satellite  sf^ecincally  aimed 
at  oceanic  exploration.  The  earth  satellites  have  given  some  infor- 
mation, but  they  were  not  prepared  for  that  kind  of  job. 

I  was  disappointed  to  see  the  prcgram  of  Sea-Sat,  in  spite  of  the 
fact  that  it  hiid  some  very  interesting  instruments,  I  asked  why  the 
program  of  Sea-Sat  had  not  been  more  broadly  aimed  at  the  open 
ocean  Sea-Sat  was  aimed  at  the  coastal  ocean,  and  I  asked  why.  It 
was  for  political  reasons,  because  public  funds  of  that  magnitude 
would  be  easier  to  i;et  if  it  was  for  domestic  waters-  It  doesn  t  make 
any  sense  to  me,  because  that  very  same  satellite  was  spinning 
around  the  world,  ^oiiig  pver  the  coastal  areas  of  all  nations,  and 
could  have  been  aimed  at  bringing  about  a  fantastic  amount  of 
information  on  the  open  ocean.  Unfortunately,  Sea-Sat  had  a  very 
short  life. 

But  this  is  the  example  that  1  can  give  of  this  kind  of  nationalis- 
tic myopy. 

Another  barrier  is,  as  I  said  in  my  statement,  the  inefficiency  of 
intergovernmental  organizations,  the  inertia,  the  time  lost  in  con- 
gresses and  meetings  and  talks,  and  nothing  is  done,  and  money  is 
spent  just  in  travel  expenses  and  meetings- 

A  very  good  example  of  what  could  be  done  was  the  collaboration 
between  the  United  States  and  France  for  the  study  of  the  mid-At- 
lantic ridge  When  I  was  suggesting  that  the  cost  of  spreading  inex- 
pensive buoys  over  the  ocean  being  high,  it  could  be  shared  be- 
tween a  few  nations  without  passing  through  ihe  international  or- 
ganizations, I  think  that  several  countries  would  be  ready  to  go, 
with  the  United  States.  This  is  the  type  of  thing,  in  answer  to  your 
question, 

Mr  Walgren.  Thinking  again  about  the  trends  in  nationalism, 
il  is  my  understanding  that  there  now  is  more  and  more  effort  to 
extend  the  coastal  r*;ach  of  nations  now  out  to  200  t.iiles  in  their 
control  and  Jurisdiction  completely.  Is  that  going  to  have  an  impact 
on  international  scitnce?  Will  oceanographers*  find  that  direction 
limiting? 

Captain  Coustkau.  It  has  to  be  seen,  and  we  will  know  that  very 
soon.  ^ 

Now,  it  IS  impossible  for  me.  Mr.  Chairman,  to  answer  objectively 
that  question  I  am  obliged  to  answer  subjectively  because  I  am  a 
violent  opponent  of  the  Law  of  the  Sea,  I  think  the  butchering  of 
the  oceans,  the  dividing  of  it  into  200-mile  limits,  of  sovereignty. 
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national  buviTL'igrit>,  in^itt-ad  dividing  it  into  zones  of  responsibil^ 
ity,  was  a  tremendous  mif^take, 

I  am  not  an  opponent  of  the  Law  of  the  Sea  for  the  same  reasons 
that  the  Government  of  the  United  States  is;  it  is  for  entirely  dif- 
ferent reasons- 

As  a  consequence^  aIso>  I  am  sure  that  scientific  ships  will  have 
greater  problems  working  in  some  of  those  national  sovereignty 
2ones.  This  is  sure. 

Mn  Walgren.  Yes. 

Captain  Cousteau.  Now,  for  your  information,  there  is  a  meeting 
in  Nice  this  year  in  October,  I  think,  to  establish,  using  legal 
advice  as  well  l  scientific  advice,  a  file  defending  free  access  for 
scientists  into  ti^ese  zones.  This  is  going  to  be  a  very  interesting 
meeting,  and  I  am  going  to  attend. 

Mr.  Walgren.  You  knov^,  in  our  National  Science  Foundation,  in 
particular,  we  have,  over  the  last  short  period  of  time,  had  difficul- 
ty keeping  funding  for  social  sciences,  and  it  comes  through  loud 
and  clear  in  your  statement  that  somehow  you  feel  we  have  to  in- 
clude man  jn  this  whole  process  and  somehow  approach  it  from  a 
>  perspective  that  starts  on  the  higher  level,  I  gather,  and  you  men- 
tioned this  principle  of  the  science  of  reduction  versus  whatever 
the  alternative  is. 

Captain  CoOsteav.  May  I,  Mn  Chairman^  quote  Einstein? 

Mn  WalGren.  Please. 

Captain  Cousteau-  I  always  carry  it  with  me  because  I  should 
not  forget  it. 

\  Th<^  world  that      hava  made  fth    result  of  the  level  of  thinking  we  have  done 


thus  far  crcule&  problems  ihal  we  cunnot  solve  at  the  same  leveJ  as  the  level  we 
created  them  at* 


Mn  Walcren,  We  cannot  solve  at  the  same  level  as  

Captain  Cousteau-  As  th&  level  we  create  i  tbem  at  That  clearly 
says,  if  we  carry  on  with  studying  little  facts,  we  are  going  no- 
where. We  have  to  go  to  the  high  level  to  understand  the  problems 
that  we  have  created  at  the  lower  level  So  it  is  a  must  for  us  now 
that  we  have  already  a  big  area  of  understanding  about  this  world, 
thanks  to  scientific  research  in  the  past;  it  is  high  time  to  get  to 
the  higher  leveL 

Mr.  Wai-gren.  TTiat  higher  level  would  certainly  emphasize 
starting  with  man  and  his  interaction. 
Captain  Cousteau.  Yes,  exactly. 

Mr.  Walgren.  Have  you  been  down  to  the  Vietnam  war  memori- 
al in  our  country  here  yet? 
Captain  Cousteau.  No,  sir. 

Mr.  WalgrEn.  I  know  you  will  get  there  sometime  soon.  One  of 
the  strangest  juxtapositions  is  the  fact  that  it  is  less  than  25  yards 
from  the  Einstein  memorial^  and  going  betwec^n  the  two  is  some- 
thing that  perhaps  will  bring  some  very  real  .realizations  on  the 
part  of  many  people  about  these  difTet'^nt  levels  and  how  we  have 
failed  so  completely  on  some  levels. 

Welh  I  am  sorry  to  have  gone  on^  and  we  have  other  members,  in 
order  of  their  appearance.  Mr.  Skeen. 

Mr.  Skeen.  I  have  no  questions^  Mr.  Chairman. 
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I  just  want  to  bi\y  to  Captain  Cou5t(L>au  that,  as  a  long-time  ad* 
mirer  of  yours,  it  ih  a  pleasure  to  &it  \\ere  and  listen  to  you  today. 
It  is  a  time  for  ut»  to  learn  something,^  and  I  for  one  have  learned  a 
great  deal. 

I  particularly  appreciate  the  straightforward  method  in  which 
you  answered  the  questiohs  and  the  candor.  It  is  a  very  rare 
thing— and  also  how  well  you  are  abJe  to  tieparate  reality  from  poli* 
■  tics.  / 

Thank  you.  Captain.  I  enjoyed  it./ 

Captain  Cousteau.  Thank  you,  §ir. 

Mr.  Walgren.  Thank  you,  Mr.  Skeen. 

Mr.  Durbin.  ^  / 

Mr.  DURBiN.  Thank  you.  / 

I  want  to  repeat  what  Congressman  Skeen  has  said.  I  consid^  it 
an  honor  to  be  here  with  you  today. 

I  have  several  small  childish  at  home,  and  when  I  come  home 
every  week,  as  I  do,  in  SprihgHeld,  111.,  too  far  away  from  the 
ocean,  they  ask  me  what  happened  this  week,  and  I  am  sure  every- 
thing that  has  happened  to  me  will  be  dwarfed  by  the  fact  that  I 
sat  in  a  committee  with  Captain  Cbusteau. 

I  would  like  to  ask  you  a  simple  question,  perhaps  reflecting  my 
own  naivete  or  apprenticeship  when  it  comes  to  this  area.  If  you 
were  to  sit  with  a  group  of  young  people  today  who  live,  as  I  do,  in 
the  hinterlands,  in  the  mainland  of  the  United  States,  and  wanted 
,  to  know  why  it  was  important  for  us  to  keep  plumbing  the  depths 
of  the  ocean  and  looking  in  the  oceans  and  rivers  for  our  future, 
what  would  you  tell  them?  What  exciting  horizons  do  you  see  there 
that  we  all  should  appreciate,  many  of  us  who  are  1,000  miles  away 
from  .the  ocean? 

Captain  Cousteau.  I  would  try  to  explain  to  them  that  the  ocean 
is  the  fuel  for  the  big  thermodynamic  machine  that  we  are  living 
in,  and  that  without  a  well  functioning  ocean,  the  potatoes  would 
not  grow  in  Idaho.  q 

Jt  is  fairly  easy  to  demonstrate,  but  we  depend  on  little  factors, 
like  for  example,  the  evaporation  factor  of  the  surface  of  the  ocean 
to  build  up  vapor  and  rain.  The  extensive  pollution  of  that  surface 
may  bring  about  a  reduction  of  the  evaporation,  on  the  contrary, 
may  heat  the  molecular  surface  of  the  ocean  to  such  an  extent  that 
it  would  increase  the  evaporation.  Ir^the  flrst  case,  it  would  bring 
about  drought  and  famine.  In  the  second  case*  it  would  bring  about 
floods  and  a  rfse  in  the  level  of  the  ocean,  with  the  flooding  of  most 
of  the  coastal  cities. 

So  we  have  to  understand  that  this  thermodynamic  machine  is 
extremely  fragile  and  sharp.  It  works  on  a  needle,  and  any  kind  of 
interference  can  bring  about  f^uch  things  as  glaciation  or  other  con^ 
sequences. 

Mr.  Durbin.  What  do  you  see  as  the  next  horizon  in  oceano* 
graphic  research?  Where  are  we  looking  when  we  think  in  terms  of 
researcK  rather  than  application  that  you  have  seen  from  your  own 
experiences? 

Captain  Cousteau.  It  is  obvious,  to  start  with,  that  there  can  be 
a  lot  of  resources  taken  from  the  ocean,  not  necessarily  those  that 
are  emphasized  in  the  newspaper,  but  from  the  research  stand' 
point.  We  have  to  better  understand  how  the  ocean  works  for  our 
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own  survival,  not  b|>eaking  about  i^aterial  benefits,  because  we  are 
just  depending  upon  that  well  functjloning,  clockwork  machinery 

Any  disturbance  could  bring  about  disastrous  consequer  ce8.  So  ^ 
we  have  to  understand.  That  is  why  I  was  referring  to  organized 
real-time,  oceanology.  We  should  know  what  is  happening  in  the 
ocean  as  fast  and  completely  as  we  know  what  is  happening  in 
the  air,  in  the  atmosphere  and  We  do  not.  We  are  far  from  that, 
and  we  should,  becau^  otherwise  we  will  not  be  in  a  position  to 
avoid  disasters. 

Mr.  DuHBtN.  Thank  you  very  much,  Captain. 

Mr.  Walcren.  Thank  you,  Mr.  Durbin. 

Mr.  Bateman. 

Mr.  Bateman.  Mr.  Chairman,  I  will  not  ofTer  any  questions.  I 
would  like  to  comment  that  I  was  first  privil^ed  to  hear  Captain 
Cousteau  as  a  witness  before  a  legislative  body  in  the  General  As- 
■  sembly  of  Virginia. 
'  Captain,  it  is  good  to  hear  from  you  again.  Had  I  known  'you 
were  going  to  be  a  witness  this  afternoon,  I  would  have  been  absent 
somewhere  else  instead  of  absent  from  here,  but  I  am  glad  I  got 
here  for  a  part  of  your  presentation. 

Mr.  Walcren.  Thank  you  very  much,  Mr.  Bateman. 

Wellj  let  me,  on  behalf  of  the  committee,  express  our  apprecia- 
tion for  your  presence  and  the  investment  you  have  made  in  trying 
to  give  us  your  perspective.  We  appreciate  it  very  much. 

Captain  Cousteau.  Thank  you,  Mr.  Chairman. 

Mr.  Walcren.  Thank  you  very  much. 

The  next  witness  is  Dr.  Edward  Knapp,  again  the  Director  of  the 
National  Science  Foundation. 

One  of  the  benefits  of  these  hearings  is  we  bring  together  in  the 
same  room  people  who  are  in  a  position  to  learn  a  great  deal  from 
each  other  a^d>  in  this  instance,  act  on  it.  I  am  sure  that  there  will 
be  thafkir^^^oCsynergistic  effect. 

Dr.  KnaiJp  is,  accompanied  by  Dr.  Edwin  Salpeter,  who  is  a 
mein|)er  of  the  l^ational  Science  Board,  and  we  are  pleased  to  have 
jrou^gepllemen.  ;       -  ^ 

Your  written.^tatemeiits  will  be  made  part  of  the  record  without 
more,  and  please,  feel  free  to  summarize  your  views  a^  "  menta- 
tions as  you  feel  effective. 

Dr.  Knapp. 

STATEMENT  OF  DR.  EDWARD  A.  KNAPP,  DIRECTOR,  NATIONAL 
SCIENCE  FOUNDATION.  ACCOMPANIED  BY  DR.  EDWIN  A.  SAL- 
PETER,  MEMljjER.  NATIONAL  SCIENCE  BOARD 

Dr.  Knapp.  Thank  you,  Mr.  Chairman. 

I  will  summarize  my  written  statement  and  submit  it  for  the 
recorij.  / 

It  is  a  pleasure  to  testify  again  today  and  to  be  accompanied  i>y 
Dr.  Edwin  Salpeten  a  member  of  the  National  Science  Board,  and 
J.  G.  White,  Professor  of  Physical  Sciences  at  Cornell  University. 

Today  we  have  an  opportunity  to  discuss  some  areas  of  science 
that  are  among  the  most  exciting  supported  by  the  Foundation. 
Plate  tectonics,  for  example,  has  been  heralded  by  many  as  a  scien- 
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tifio  revolution  fonipnrable  in  .significance  to  the  Newtonian  syn- 
thesis or  the  Darwinian  theory  .of  evolution. 

Astronomers  have  observed  unexplained  phenomena  occurring  in 
the  galaxy's  core  wMch  involve  prodigious  ^mount^  of  energy.  In 
the  Earth  s  crust,  hot  springs  have  been  discovered  in  w^hich  unex* 
pected  biological  and  mineral  processes  are  occurring. 

The  violence  and  frequency  of  wind  downburst^  associated  with 
thunderstorms  have  been  found  to  be  important  as  a  pro&able 
cause  of  airplane  crashes  on  tj^keoff  and  landing. 

These  and  many  other  significant  discoveries  and  developments 
have  occurred  in  the  last  decade  or  so  in  the  astronomicah  atmos- 
heriCj  Earth  and  ocean  sciences  which  are  the  focus  of  today's 
earing. 

It  is  important  to  understand  something  about  the  general  char- 
acter of  these  disciplines— their  sociology,  if  you  like.  Their  charac- 
ter shapes  their  structure,  the  way  in  which  scientists  themselves 
conduct  research,  their  resource  requirements^  and  the  way  in 
which  the  Foundation  budgets  for  them  and  manages  the  re^arch 
programs  supi>orting  them. 

The  primary  characteristics  of  these  sciences  are  that  they  are 
observational  sciences;  they  are  multidisciplinary;  and  they  ate  de- 
fined in  terms  of  particular  environmental  domain  or  location. 

In  general,  researchers  in  these  fields  study  the  phenomena  of 
interest  without  being  able  directly  to  control  and  manipulate 
them  as  in  the  laboratoiy  sciences.  They  seek  and  observe  particu- 
lar natural  phenomena  of  the  Earth  and  the  universe. 

The  observational  character  of  these  sciences  means  that  they 
are  highly  dependent  upon  instrumentation!  in  the  broadest  sense 
of  the  worii— drilling  platforms,  astronomical  observatori^i  air- 
craft,  shipsi  submersibles*  seismic  detectors,, earth  corers*  and  com- 
putational equipment  for  handling  data,  facilitating  its  interpreta- 
tion, and  jTiodeting  natural  phenomena.  . 

The  equipment  is  costly  to  purchase  or  construct  and  to  operate. 
It  requires  a  sizable  support  and  technical  staff  plus  a  sophisticated 
division  of  labor  to  usei  maintaini  and  further  develop  it. 

These  sciences  lend  themselves  to  coordinated  group  undertak- 
ings by  investigators  in  different  disciplinesi  difTerent  institutions, 
and  different  countries.  This  condition  exists  because  coordinated 
measurements  of  various  phenomena  withiii  a  known  time  period 
in  the  same  location  can  improve  overall  scientific  understanding. 

In  astronomy,  foe  exampiei  simultaneous  obser vatic; from  sev- 
eral radio  telescopes  located  at  a  distance^  from  each  other  have 
niade  possible  significantly  improved  resolution  of  distant  stellar 
systems 

The  Foundation  is  a  m^or  supporter  of  academic  research  in  all 
the  AAEO  sciences,  although  the  magnitude  of  its  role  varies^  de- 
pending on  the  level  of  finding  for  more  inission-oriented  research 
provided  by  other  Federal  agencies,  ^ 

The  NSF  is  the  lead  agency  for  Federal  support  of  ground-based 
aiitronomy  and*  since  li>7(i,  has  maintained  a  relatively  constant 
funding  role^  providing  about  two-thirds  of  the  Federal  total-for 
such  research. 

In  atmospheric  sciences  research^  the  National  Oceanic  and  At- 
mospheric'Administration,  the  Department  of  Defense^  and  the  Na- 


346 


1 

244  ] 

tional  Aeronautics  unci  Spui,i;  Administration  are  major  sources  of 
support.  NSF  funding  account^  for  only  about  half  of  the  atmos- 
pheric research  conducted  by  university  investigators.  \ 

The  U.S.  Geological  Survey,  NASA*  and  the  Department  of 
Energy  are  important  funders  of  applied,  mission-oriented  work  in 
the  Earth  sciences.  But  the  Foundation  accounts  for  about  75  per- 
cent of  the  Federal  funds  going  to  univer&ities  for  supriort  of  basic 
research  in  these  disciplines.  1 

Similarly,  the  NSF  provides  nearly  three  fourths  of  ihe  Federal 
support  of  basic  ocean  research  at  academic  institutions.] 

The  Foundation  support  for  research  in  the  astronom:  -4I,  atmos* 
pheric,  Earth,  and  .ocean  sciences  is  provided  in  four,  dominant 
modes,  direct  support  of  individual  investigators  to  cover  such  costs 
as  developing  instruments  required  for  their  experiments,  data 
anal>sis,  and  post  doctoral  and  graduate  research  assistants,  sup- 
port of  national  centers  and  other  major  research  facilities;  support 
for  large  coordinated  projects,  and  indirect  support  of  many  investi- 
gators who  are  given  access  to  facilities^  data,  or  samples  on  a  cot^- 
potitive  basis.  \ 

The  ms^or  facilities  which  the  Foundation  supports  in  these  dis- 
cipUnc;:^  include,  .ive  u^er  oriented  national  astronomical  obseiva- 
tones,  and  pa/tial  suppo*^  of  a  half  dozen  university  observatories 
that  operate  a  range  of  radio  telescopes;  the  National  C  nter  for 
Atmosphenc  Research,  which  conducts  stafT  research  itself  and 
provider  niajor  computational  and  modeling  facilities>  aircraft,  and 
.ddars  to  university  researchers,  seismic  reflection  profiling  by  the 
Consortium  for  Continental  Reflectio  1  Profili'^g  [CdCORPl,  to  map 
the  structure  of  the  continental  crust  to  a  depth  of  70  kilometers; 
and  the  ocean  drilling  ship  Challenger  and  associated  core  reposi- 
tories and  geophysical  data  banks. 

Individual  project .  ipport  is  also  provided  in  all  of  these  scientif- 
ic discipline's,  although  the  proportions  var>"  from  field  to  field  In 
the  Earth  sciences,  for  exaniple.  the  bulk  of  the  funding  is  for 
small  awards  to  individuals.  In  contrast,  more  than  iwo-thirds  of 
the  budget  for  research  in  astronomy  goes  to  the  national  anc  ^di- 
versity observatories. 

T]  balance  between  facilities  development,  operation  and  main- 
tenar  e,  and  project  grants  is  carefulljf  examined  each  year  by  the 
NSF  staff  with  advice  from  their  scientific  advisory  committees. 
The  National  Science  Board  altJ  reviews  each  of  these  programs 
irom  time  to  time  and  examines  the  balance  among  their  various 
activities  and  modes  of  support. 

Access  -to  facilities  and  coordination  of  their  scientific  use  is  ac- 
complished in  difTerent  w^s  in  each  discipline.  But  in  all  cases,  de- 
■  cisions  are  based  on  competitive  peer  review. 

These  facilities  makt  possible  a  large  number  of  individual  proj- 
ects. For  example,  vvell  over  1,000  astronomers  use  the  national  ob- 
servatories each  year  ior  their  projects.  Similarly,  deep  sea  cores 
from^  the  Challenger  program  are  requested  and  used  by  large 
numb^ers  ol'  marine  geologists  and  geo physicists- 
Over  the  years,  the  House  Science  and  Technology  Committee 
has  taken  the  leadership  in  recognizing  some  of  the  questions  to  be 
addressed  in  budgeting  for  and  managing  com^*  x  activities  such 
as  these. 
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Within  the  fraiiu*work  of  a  policy  statement  adopted  by  the  Na- 
tional Science  Board  in  107!),  in  response  to  a  recommendation 
from  your  committee,  these  question**  are  addressed  at  several  dif- 
ferent levels  within  the  Foundation  as  a  part  of  its  planning  and 
budgeting  processes  They  are  addressed  1^  the  NSF  stafT  and  its 
scientific  advisory  panels.  They  are  also  reviewed  by  the  National 
Science  Board  and  by  myself. 

In  addition,  when  we  anticipate  the  initiation  of  mi*jor  new  facili- 
ties or  the  phasing  out  of  major  existing  facilities,  they  are  closely 
reviewed  by  the  Office  of  Manaj^ement  and  Budget  and  the  Office 
of  Science  and  Technology  Policy  before  being  submitted  to  Con- 
gress. 

I  am  pleased  that  NSF  is  proposing  an  increase  of  2L3  percent  in 
the  level  of  support  for  astronomical,  atmospheric*  earth  and  ocean 
sciences  for  ils^ral  year  l!)8'I.  The  Foundation  is  planning  a  major 
emphasis  on  the  astronomical  sciences  with  a  25.9'percent  increase 
in  this  rapidly  advancing  and  scientifically  exciting  area.  The  in- 
crease  will  allow  NSF  to  upgrade  instrumentation  at  university 
and  national  observatories  and  to  support  preliminary  design  stud- 
ies for- the  very  long  baseline  array. 

The  emphasis  on  earth  sciences  in  the  past  few  Foundation  bud* 
gets  is  continued  into  fiscal  year  1984.  The  increase  will  allow  year- 
round,  continental  reflection  profiling  operations  and  general  up- 
grading of  much  of  the  research  instrumentation  that  has  become 
obsolete  since  the  major  Federal  equipment  investments  of  the 

mas. 

In  fiscal  year  lU^i,  the  Foundation  expects  to  invest  about  $68 
million  to  support  crustal  research.  Included  in  this  funding  is 
$26,3  million  for  the  ocean  drilling  program,  which  is  now  in  the 
AAEO  activity  and  which  provides  funds  adequate  to  continue  the 
deep  sea  drilMng  program. 

A  distinguished  committee  of  earth  and  ocean  scientists  has  re- 
viewed priorities  and  directions  for  crustal  research,  its  chairman 
is  with  us  this  afternoon.  Their  recommendation^  not  yet  published, 
is  to  continue  ocean  drillingt  preferably  with  a  large,  modern* 
leas**d  comme'':ial  drill  ship.  This  preliminary  recommendation  is 
under  review  by  the  Foundation.  If  the  Foundation  and  the  admin- 
istration concur  with  it,  we  will  expect  to  present  appropriate  pro- 
gram recommendations  to  the  Congress. 

Mr  Chairjnan*  I  am  extremely  pleased  that  the  President's 
budget  request  for  the  Foundation  proposes  an  18.3  percent  in* 
Crease  over  fiscal  year  1983  for  the  support  of  baaic  research.  In  the 
s>  iences  we  have  been  discussing  today,  this  increase  will  allow  '^s 
to  upgrade  instrumentation  for  astronomical  and  geological  re- 
searrli,  expand  support  of  graduate  student  research  assistants  and 
research  post  doc  to  rates*  expand  activities  in  the  exciting  area  of 
crustal  research,  initiate  design  studies  of  a  major  new  astronomi- 
cal facility,  and  maintain  the  level  of  NSF  core  programs  and  activ- 
ities Th*^e  are  ii4  /estments  in  the  Nation  s  scientific  and  technical 
future,  I  hope  thl?  committee  will  strongly  endorse  them. 

Dr  Salpeter  a^d  I  will  be  pleased  to  answer  any  questions  you 
may  have.  \ 

(The  prepared  st,ntement  of  Dr.  Knapp  follows;) 

\ ; 
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Statement  of 
DH'  Edward  A-  Khapp 
DfRECTOR^  National  Science  Fouhdahoh 


Before  the 


SUBCOHKITTEE  ON  SCIENCE/   RESEARCH  AND  TeCHNOLOGV 
COKHtTTE£  OH  SCIENCE  AND  TECHNOLOGY 

J  U'S.  HotJSE  OF  Representatives 

flARCH  1,  1985 


rtR.  Cha[rhan  ahd  Hehbers  of  the  CohhIttee: 

It  is  a  pleasure   to  se  back  before  you  todav  and  to  8E 

ACCOMPANIED   BY    Dft-    EOWIN  SaLPETER^    A  HEH8ER   OF  THE  HATtOHAL 

Science  Board  and  J-G.  White  Professor  of  Physical  Sciences  at 
Cornell  University . 

to  day  ^  we  have  an  opportunity  to  discuss  sohe  areas  of 
science  that  are  among  the  host  exciting  which  the  fotlhoation 
SUPPORTS.      Plate  tectonics  has   seen   heralded  by  haiiy  as  a 

SCIENTIFIC  REVOLUTION  C0HPARA8LE  IN  ITS  SIGNIFICANCE  TO  THE 
tfEwTONlAN    SYNTHESIS    OR    THE    DaRWIHIAH    THEORY    OF  EVOLtlTlOH- 

Astronomers  ha/e  observed  unexplained  phenomena  occurring  in  the 

COftE  OF  OUR  GALAXY  WHICH  INVOLVE  PRODIGIOUS  AMOUNTS  OF  ENERGY^ 
\h  the  earth's  CRUaTf  NOT  SPRINGS  HAVE  BEEN  DISCOVERED  IH  WHICH 
UNEXPECTED  BIOLOGICAL  AND  MINERAL  PROCESSES  ARE  OCCURRING.  ThE 
V I OLEHCE  AND  f  RjEOU&NCY  OF  wlKD  DOWNS  URSTS  ASSOC  I  AT  ED  WITH 
TKUNDERSTORHS  HAVE  SEEN  FOUND  TO  8E  IHPORTANT  AS  A  PR08A8LE  CAUSE 
OF  AIRPLANE  CRASHES  OH  LANDING  AND  TAKEOFF- 
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These  and  HArtv  other  sigh[ficaht  oiscoverjes  and  developments 

HAVE  OCCOflRED  IN  THE  LAST  DECADE  OR  SO  l«  THE  ASTROHOH  [  C^L  f 
ATFlOSPHERlCj  ^EARTK  AMD  OCEAN  SC.EnCES  VtKtCH  ARE  TK£  FOCUS  OF 
today's  KEAR[nGS,  1  WOULD  LIKE  TO  TOUCn  UPOH  FOUR  THINGS  |N  hy 
REMARKS    TrilS   AFTERNOON    AMD/  I    HAVE    FINISHED^    DR  •  SaLPETER 

AND   [  WILL  BE   PLEASED  TO  ANSWER  ANY  QUESTIONS  YOU  HAY  HAVE. 

First,   it  is  inPORTAifT  to  uitderstand  something  about  tne 

GENERAL  CHARA'tTER  OF  THESE  DISCIPLINES         THEIR  SOClOUOOYf   IF  YOU 

LIKE*    Their  character  snapes  their  structure^  the  way  in  which 

SCIENTISTS  1^  THEM  CONDUCT  RES£A»CH/  THEIR  RESOURCE  REQU 1  RE^^E NTS / 
AND  THE  WAY  IN  WHICH  TnE  FOUNDATfON  BUDGETS  FOR  THEM  AnD  MANAGES 
THE  RESEARCH  PROGRAMS  WHICH  SUPPORT  THEM.  SeCOnD.  AS  A  SCIENTIST 
MYSELF.  !  WOULD  LIKS  TO  SHARE  WITH  YOU  SOME  Of  THE  EXC1T£«EnT  QF 
RECENT  DISCOVERIES  AND  DEVELOPMENTS  IN  THE  EARTH  AND  OCEAN 
SCIENCES*  THIRD/  \  WILL  BRIEFLY  DESCRIBE  TNE  MODES  OF  SUPPORT 
CHARACTER THE  FoUnOATIOn'S  PROGRAMS  IN  THESE  SCIENTIFIC 
DISCIPLINES  AnO  HOW  WE   PLAN  AND  BUDGET  FOR  THEM.     FiNALLYf    1  Wll  . 

direct  your  attehtloh  towards  $ome  of  the  highlights  of  our  fy 
Program      these  sciences. 


The  primary  characteristics  Or  THE  ASTRO^QH ICAL f  ATMOSPHERIC/ 
EARTH  AND  OCEAN  SCIErfCES  ARE  THAT  Tj.EY  ARE  OBSERVATIONAL 
SCIENCES;  THEY  ARE  MUL T I -D 1 SC I  PL  I NAR f ;  AND  THEY  ARE  DEFINED  IN 
TERMS  OF  A  PARTICULAR  ENVIRONMENTAL  DOMAIN  OR  LOCATION.  In 
GENERAL,  RESEARCHERS  IN  THESS  FiSLDS  STUDY  TH£  PHENOMENA  OF 
INTEREST  WITHOUT  BEING  ABLE/  DlRCCTLY.  TO  CONTROL  AND  MANIPULATE 
THEM  AS  IN  THE  LABORATORY  SCIENCES.  THEY  SEEK  AMD  OBSERVE 
PARTICULAR  r^ATURAL  PHENOMENA  Qf  THE  £ARr(4  ASD  UNtYERSE. 


CHAftACTFftiSTtCS  OF  THF  DISnPUHFS 


ERIC 


248 


The  Environmental  domain  is  important*  Ii  is  the  oftGANiztNG 
referekce  point  for  groups  of  scienhsis  who  otherwise  may  be 
quite  0[ffeflent  in  terms  of  the  instruments  they  use  for  their 
obseftvatlons  j  the  srstew  le^/el  they  observe,  e^g*,  from  the 
Droplets  ih  a  cloud  to  major  storm  systems;  the  major  theoretlcal 

COnSIRUCIS    IHEY    employ    for    tNTEftPRETiNG   THEIR   OBSERVATIONS;  AND 

THE  SPECIFIC  Phenomena      biological/  chemical/  physical  "  they 

ACTUALLY  STUDY.  SoME  OF  THESE  SPEC[ALTlESf  SUCH  AS  ASTRONOMY  AND 
OCEANOGRAPHY/  ARE  COnCEnTRAIED  tN  A  LIMITED  NUMBER  OF  MAJOR 
ACADEMIC  InSTITUIIOKS  WHILE  OTHERS/  SUCH  AS  GEOLOGY^  ARE  TO  BE 
FOUND  [N  MOSf  COLLEGES  AMD  UNIVERSITIES*  BECAUSE  OF  THIS 
COKSIOERABLE  DIVERSITY/  IT  CAtt  BE  DIFFICULT/  AT  TIMES/  FOR 
AGREEMEnI  to  be  achieved  on  research  priorities  AND  RESOURCE 
NEEDS  EvGN  V/IThIn  INDIVIDUAL  AREAS  OF  RESEARCH* 

The  observational  character  of  these  sciences  means  that  they 

ARE  highly  dependent  On  I  HSTJIUmE  NTAT  I  On  f  IN  THE  BROADEST  SENSE  OF 
THE  WORD  FACILITIES  SUCH  AS  DRILLING  PLATFORMS^  ASTRONOMICAL 
OBSERVATORIES,  AlRCRAFIf  SHIPS  AND  SliBME RS 1 BL ES  FOR  OBSERVATIONS 
FROM  THE  BESI  LOCATIOIJS*  SPECIFIC  DATA  COLLECTING  DEVICES  SUCH  AS 
RADIO  TELESCOPES  AND  RECEIVERS^  CHARGE  COUPLED  DETECTOR  ARRAYS^ 
SEI$rtIC  DETECiORS/  EARTH  CORERS/  OR  DOPPLER  RADARS;  AK&  STORAGE 
AND  COMPUTATIONAL  EQUIPMENT  FOR  HANDLING  DATA/  FACILITATING  JTS 
INTERPREIATI0;J  anD  MODELiING  NATURAL  PHENOMENA*  As  iNSTkUMENTS 
HAVE  IMPROVED  iN  TERMS  OF  THEIR  SENSITIVITY/  RELIABILITY^  OR 
EFFICIENCY/  OR  AS  WHOLE  NEW  CLASSES  OF  INSTRUMENTS  HAVE  BECOMc 
AVAILABLE/  E.G.,  CHARGED  COUPLED  DETECTOR  ARRAYS  ?0R  COLLECTING 
LIGHT  Oft  SUPERCOMPUTERS  FOR  INCREASINGLY  SOPHISTICATED  HDDELLlNGf 
THEY  HAVE  HAD  , PROFOUND  IMPACTS  ON  CONCEPTUAL  UNDERSTANDINGS  IN 
THESE  SCIENCES  AND  HAVE  REVEALED  HEW,  AnD  SOMETIMES  UNEXPECTED/ 
PHENOMEPfA* 
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Major  instruments  ano  facilities  are  of  major  importance  t^^ 

THE  CONDtJCT  OF  RESEARCH  IN  THE  ASTROnOM  I CAL  j  ATMOSPHEAICj  EARTH 
AND  OCEAH  SCte«CES*  TuE  EQUIPMENT  IS  COSTLV  TO  PtJaCHASE>  Oft 
COKSTRtJCT/  AMD  TO  OPERATEJ  AND  tT  REOUlRES  A  SIZABLE  StJPPORT  AtlD 
TECHNICAL  STAFF  PLtJS  A  SOPHISTICATED  DIVlSIOH  OF  LABOR  TO  USE, 
MAINTAIN/   AnR  FURTHER  DEVELOP   IT.     AS  ANV  Of  VOU  WHO  HAVE  VISTEO 

THE  KiTT  Peak  HATiotiAL  Observatorv  wear  Tucson  knOw>  the  image  of 

THE  LONE  ASTHOHOHER,  SITTING  ON  '^N  ISOLATED  HILL,  GAltNG  AT  THE 
STARS  THftOtJGK  HIS  OWN  TELESCOPE  AH&  RECORDING  HIS  OBSfiftVATlOHS  IH 
A  NOTEBOOK,  IS  AT  LEAST  AS  OtJT  OF  DATE  AS  THE  'GOOD  5-CENT 
CIGAR*'  |H  FACT,  THE  USE  OF  SENSITIVE  PHOTOGRAPHIC  PLATES  HAS 
BEEN  LAR6ELV  SUPERSEDED  BV  THE  CHAftGE'COtJPLED  DETECTORS  MEHTIOnED 

Earlier,  ahD  data  are  recorded  on  magnetic  tape  ahd  observed  on 
tv  hohitors- 

It  is  also  the  case  that  these  sciences  lehd  themselves  to 
coordinat^eDj   group   undertakihgs  by   Investigators   tti  different 

DISCIPLINES^  DIFFERENT  fN$TlTUTIONS  AND  DIFFERENT  COUNTRIES*  In 
GENERAL,  THIS  CONDITION  EXISTS  BECAtJSE  COORDINATED  HEAStJREKENTS 
OF  VARIOUS  PHENOMENA  W  J  THIN  A  KnOWM  TIME  PERIOD  l«  THE  SAME 
LOCATIOff    CAN     IMPROVE    OVERALL    SCIENTIFIC    UMDERS  TANO  I  «G    OF  THE 

DOMAIN  OF  Interest  amd  its  paraheters* 

In  ASTRONOMV,  for  example,  simultaneous  observations  FROM 
SEVERAL  RADIO  TELESCOPES  LOCATED  AT  A  DISTANCE  FROM  EACH  OTHER 
HAS  HADE  SIGNIFICANTLY  IMPROVED  RESOLUTION  0F=  DISTANT  STELLAR 
' SYSTEMS  POSS  IBL£-  !n  TH£  LAST  DECAD£>  A  VSRY  LONG  BaSELINE 
InTERFEROMSTEr  (VLB  I)  network  was  SKPLOVEO  VARlOtJS  RADIO 
T£Le  SCOPES  IN  THE  U.S.  AND  EuftOPE  To  MAKE  SUCH  DETAILED 
OBSERVATIONS'  To  SE  SUCCESSFtJL;  THIS  WORK  REQUIRES  CAREFUL 
COOrOJnATION  of  telescopes  at  different  SITES,  THE  USE  OF  ATOMIC 
CLOCKS  TO  IMDICATF  jhE  PRECISE  TIMS  OF  RECOiTDiNO  OBSERVAT I OMS > 
AND     THE     CENTRAL     COLLECTION     AND     CORRELATION     OF  RECORDED 
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O&SERVATIOKS   IN  ORDER  TO  PRODUCE   A  MAP  OF   THE   STELLAR  OBJECT  OR 

REGION    O&SERVED.      ThE    VLBt    »ETwORK    HAS    BEEN    COORDINATED    &Y  AN 

INFORMAL  COHHITTEE  OF  SCIENTISTS  INVOLVED  IH  THE  WORK>  MANY  OF 
WHOM  RECEIVE  SUPPORT  FROM  THE  NATIONAL  SCIENCE  FOUNDATION* 

The  Fot/HDATio»  is  a  major  si/pporter  of  academic  research  i» 

ALL  THE  AAEO  sciences  THOUGH  THE  MAGNITUDE  OF  IS  ROLE  VARIES^ 
DEPENDING  OH  TNE  LEVELS  OF  FUNDING  FOR  MORE  M I SS t ON'OR I ENTED 
RESEARCH  PROVIDED  BY  OTHER  FEDERAL  AGENCIES.  ThE  NSF  IS  TKE  LEAD 
AGENCY  FOR  FEDERAL  SUPPORT  OF  GROyND-BASED  ASTRONOMY  AND,  SINCE 
1976>  HAS  MAINTAINED  A  RELATIVELY  CONSTANT  FUf4DlNG  ROLE  PROVIDING 
ABOUT  TWO-THIRDS  DF  THE  FEDERAL  TOTAL.  In  ATMOSPHERIC  SCIENCES 
RESEARCH i     THE    (UTIONAL    OCEAHIC    AND    ATMOSPHERIC  ADMINISTRATION 

(HOAA),  THE  Departhe«t  of  Defense  (DDD),  and  the  National 
Aero«autics  and  Space  Administration  (NASA)  are  hajor  sources  of 

SUPPORT,  .wtTH  ^SF  funding  ACCOUNTING  FOR  ONLY  ABOUT  HALF  OF  THE 
WORK  CONDUCTED  &f  UNIVERSITY    INVESTIGATORS*     ThE  U*S*  GEOLOGICAL 

SuRvEYi  NASA>  and  Department  of  Energy  are  important  funders  of 

APPLI^Di    MISSION'ORIENTED   WORK    IN    THE    EARTH    SCIENCES    WITH  THE 

Foundation  accounting  for  about  75  percent  of  the  Federal  funds 
gothg  to  universities  for  the  support  of  basic  research  in  these 
DISCIPLINES*  Similarly^  the  NSF  provides  nearly  three-fourths  of 
THE   Federal   support  or   3as ic  ocean  research  at  academic 

INSTITUTIONS*      TkE   SIGNIFICANCE   OF   THE   FOUNDATION'S   ROLE    IN  THE 
, OCEAN    SCIENCES    IN   RECENT   YEARS   HAS    INCREASED  BECAUSE  OF  GENERAL 
DECREASES    IN   FUNDING  LEVELS   FOR   BASIC   AND  APPLIED  OCEANOGRAPH  IC 
WORK  IN  OTHER  FEDERAL  AGENCIES* 

Given  these  overall  support  patterns  as  well  as  the  general 
multi-disciplinary  and  mult  i - 1 nst i  tut  i  on al  character  of  these 
sciences^  the  foundation  closely  coordinates  its  prograh  planning 
and  funding  activities  with  those  of  other  federal  agencies. 
This   cooROiffATiON  ranges  froh  formal  mechanisms  such  as  the 
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Committee  oh  Atmosphere  and  Oceans  of  the  Federal  ,Coordinatih(s 
Council  on  Science^  Engineering  and  Technology  to  freouent 
informal  contacts  of  wsf  program  managers  with  their  counterparts 

ELSEWHERE* 

AQVANCES  in  imOgftSTftHDltiG;    THE  TAftTH'S  CftUST 

ExCEPTtOriAL  ADVANCES  [N  BaS  I C^  IJNDERSTANDlNG  OF  GEOPHYSICAL 
AND  ASTRONOMICAL  PHENOMENA  HAVE  TAKEN  PLACE  IN  THE  PAST  TWO 
DECADES i  IN  LARGE  PART  AS  A'  DIRECT  RESULT  OF  THREE  THINGS  I 
SIGNIFICANT  IMPROVEMENTS  IN  I N STRUMEWT AT  I  ON  AND  FACILITIES; 
EXPAKDED  SUPPORT  FOR  THE  ORGANIZATION  AND  CONDUCT  OF  MULTI' 
DISCIPLltlARY  COORDINATED  I NVE  STI  GAT  I  OtiS  IN  SPACEi  IN  THE  EaRTH'S 
ATMOSPHERE  i    AND    UNDER^IEaTH    THE    EARTH'S    CRUST    AND    OCEANS;  AKD 

hajor  discoveries  across  the  broad  front  of  the  UKDERLYIHG 
sciektlftc  disciplines  and  specialties* 

Perhaps  nowhere  is  this  better  illustrated  than  ih  research 

OK  THE  LlTHOSPHEREi  OR  EARTH'S  CRUSTi  AND  THE  EMERGENCE  OF  THE 
plate  tectonics  CONCEPT  AS  A  MAJOR  UNIFYING  AMD  PREDICTIVE  THEORY 
FOR  THIS  WORK'  Ev£N  AS  TH£  fjEWTOKlAN  SYNTHESIS  PROVIDED  A 
COHERENT  MECHANISM  FOR  RELATING  THE  MOTIONS  OF  THE  PLaMETS  TO 
EACH  OTHER  AND  TO  THE  MOTION  OF  BODIES  OH  EARTNi  SO  THE  PLATE 
TECTONICS  CONCEPT  PROVIDES  A  MEaKS  FOR  RELATING  THE  DYKAMICS  OF 
THE  OC£aN  crust  TO  THE  DYNAMICS  OF  THE  MANTLEi  FOR  CORRELATING 
HERETOFORE  DIVERSE  OCEAN  BASIN  PROCESSES  TO  0»E  ANOTHER^  AND  FOR 
RELATING  THE  EVOLUTION  OF  THE  OCEANS  AND  CONTINENTAL  CRUSTS*  We 
ESTIMATE  THAT  IN  FY  19S5i  THE  FOUNDATION  WILL  OBLIGATE  SSl 
MILLION  TO  ITS  VARIOUS  PROGRAMS  IN  SUPPORT  OF  SUCH  CRUSTaL 
RESEARCH*  \h  FY  l^Z^t  FUNDING  OF  THIS  TYPE  OF  MUL T t -D I SC I  PL  I  NARY 
WORK  WILL  INCAEaSE  TO  AN  ESTIMATED  $68  MILLION* 
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Th£  oaioIns  of  our  presekt  confidence   In  plat£  tectonics 

THEORY    00   BACK    TO   THE    EARLY    YEARS    OF    TnIS    CENTURY*      By  ABOUT 
FIFTY    YEARS    AGOi    KOST    GEOLOGISTS   HAD   AOREED   ON    A    HOOEL    OF  THE 
EARTN    CONSISTING    OF     A    TWO-PART    CORE     "     ENK£fl    AND  OUTER 
OVSRLAID  BV   the   HANTLSi    I.E.,    THE    BULK    Of    THE    EARTH/  OVERLAID, 
AGAIN,   BY  A  VERY  THIH  CRUST*     OF  THESE  LAYERS*   THE   OUTER  CORE  IS 

liquid;  the  rest  is  soli d.     In  1915 *  a  German  oeolooist  had 

PROPOSED  THAT  COnTE,H£nTS  WERE  HOT  FIXED  3UT  DRIFTED  SLOWLY  AROUnD 
TnE  OCEANS.     H(S   THEORY  WAS  NOT  TAKEH  SERIOUSLY  HOWEVER,    IN  PART, 

because  no  plausible  kechanlsh  was  advanced  to  explain  this 
continektal  drift* 

The  plate  tectonics  theory*  established  just  two  decades  ago 
ON  the  Basis  qp  detailed  magnetic  mapping  of  the  ocean  floor  and 

ANALYSIS  OF  ocean  BASIn  SEDIHEHTS  AND  ROCK,  PROVIDED  A  PLAUSIBLE 
H£CnANISn  FOR  THIS  HYPOTHESIS  AND  LINKED  THAT  HECHANlSK  TO  TnE 
THSRttAL  PROCESSES  OCCURRlHO  WiTHiN  THE  EARTH'S  InTSRIOR'  BeFORE 
THEN*  GEOLOGISTS  HAD  FEW  CLUES  ABOUT  HOW  TO  ESTABLISH  CAUSAL 
R£LAriOKSNlPS    BETWEEN    THE    THERMAL    PROCESSES  WITHIn    THE  EARTH'S 

Interior  and  its  visible  surface  features* 

The  plate  tectonics  concept  beoins  In  the  upper  kantle  whic/, 

THROUGH  PARTIAL  HELTInG,  OlVES  RISE  TO  HOT  «AGttA  THAT  THRUSTS 
ITSELF  TO  THE  SURFACE   AND  COOLS  TO  FORM  THE  CRUST*     As  HEW  GfiUST 

ts  Introduced  froh  the  kahtle,  the  older  crust  is  pushed  /sid£* 
At  the  surface  of  the  earth*  thes£  zones  of  rising  maoka/fork  a 

LONG*     GLOBE^CIRCLInG     CnAIH    Of    VOLCANIC     R I  DOES*     OR  /pREADiNG 

cehters,  most  but  not  all  of  whicn  presehtly  lie  in/tne  ocean 

BASINS  AT  THE  KID'OCEAN  RIDGES* 

For  REASONS  that  are  hot  COMPLETELY  UNDERSTOOD*  THE  EARTH'S 
CRUST  DOES  NOT  MOVE  AS  A  SUIOLE  UNIT  BUT  IS  BROKEN  UP  I NTO  MAJOR 
PLATES*      As   THE    PLATES    MOVE*    THEY    CARRY    NOT    ONLY    THE  OCEANIC 
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CltUST  But  also  TNE  continental  CltUST  IN  PIGGY-BACK  FASNION  OH  TOP 
OF  THE  UPPER  MANTLE,  FOR  EXAMPLE,  THE  AmE^KAS  ARE  NOW  SEEN  AS 
HAVING  SEEN  JOtNED  TQ  EuROPE  AND  AFRICA  UNTIL  SEVERAL  TENS  OF 
KlLLtONS  OF  VEA(%S  AGOj  WHEN  A  RIFT  QR  SPREADING  CENTER  S^LtT  THEh 
ALONG  WHAT   IS  NOW  THE  LINE  OF  THE  HID'AtLANTIC  RIDGE*     SiNCE  THAT 

time/  the  new  and  old  worlds  have  been  moving  apart  at  a  rate  of 
2  to  ^  centimeters  per  yeah.  producing  the  atlantic  oceatt. 

Plate  tectonics  provides  a  plausible  causal  mechahIsm  linking 

THE    aiRTH   OF   THE   OCEANIC   CRUST   AT   THE   SPREADJN^   CEffTERS    TO  ITS 

death  at  subductlon  zones  or  convergent  margins.  when  two 
tectonic  plates  collide*  such  collisions  are  ah  inevitable 
consequence  of  the  causal  mechanisms  that  create  the  plates  in 
the  first  place  awo  drlve  them  away  from  the  hld'oceah  ridges* 
Since  the  total  surface  area  of  tn€  eartn  is  fixed,  th^  aging 
edges  of  a  tectonic  plate  must  ultimately  encounter  the  edges  of 

ONE  OR  MORE  OTHER  PLATES,  WOST  OFTEN.  VJHEN  THIS  OCCURS.  TH£  EO<jE 
OF  THE  DENSER  OF  TME  T^fO  VlaTES  DIVES  "  OR  IS  SUSDUCTED  " 
BENEATH  THE  SECOND  PLAt^e^  ^ARRY I NG  MOST  OF  THE  CRUSTAL  MATERIAL 
AHD   PERHAPS   SOME   ^   ITS   S^lMENTARY  COVER   BACK    INTO   TnE  KAHTLE* 

Considerable  heat  appears'  to  be  generated  at  these  subouctIon 

ZONES.  It  seems  likely  tHAT  COMPLEX  CHEMICAL  REACTIONS  OCCUR 
BETWEEN  THE  SUBDUCTING  CflUST  AND  ITS  SEDIMENTS  AND  THE  OCEAN 
WATER.       If    so.    Th£Y    «AY    result    in    THE    DEPOSITION    OF  USEFUL 

minerals  at  the  subductlon  zone. 

Owe  of  the  emphases  in  the  Fou«dation's  plans  for  its  crustal 
research  activities  in  fy  l$^t\  aho  succeedth<3  years  will  be  to 

INCREASE  iUNDERSTAflDlNG  OF  OCCURRENCES  AT  ThE  BOUNDARIES  OF 
TECTONIC  PLATES.  TwlS  RESEARCH  WILL  SE  PURSueO  BY  I HVEST I SATOft$ 
IN  DIFFERENT  DISCIPLINES  USING  A  VARIETY  OF  TECHNIQUES  AND 
INSTRUhENTATION  INCLUDIW<j:  seismic  transects  STAftTiNG  OJI  THE 
CONTINENT   AHD   PROCEEDING    TO   THE   OCEAN    MARGINSJ    OBSERVATIONS  OF 
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CRUSTAL    STRUCTURES    ON    LAND;    AND    OCEAN    DRILLING    WHICH  PROVIDES 

Information  on  suct*^THiNOs  As  the  staucture  of  sediments  and 

ROCKS  AS  WELL  AS  TH  E^l  Rl^  MAON  ET I C  AND  THERMAL  CHARAC  TER I  ST  ICS « 

At  the  VERY  HOT  SPREADING  CENTERS  THEMSELVES  "  AS  AT  THE 
SUBDUCTION  ZONES  REACTIONS  BETWEEN  THE  HOT,  RISING  MAGHA  AND 
THE  CHEHICAL'RICH  SEA  WATER  COULD  LEAD  TO  THE  DEPOSITION  OF 
USEFUL  MINERALS  IK  THE  CRUST.  InDEED>  OBSERVATIONS  FROH  THE 
SOBHERStBLE  OF  HYOflOTHERMAL  VENTS  AT  THE  MID'AtLANTIC  filDGE 

HAVE  PROVIDED  TANTALI  ZINO  INDICATIONS  ABOUT  THE  COMPLEXITY  OF 
OEOTHERHAL  AND  GEOCtiEMlCAL  PROCESSES  THAT  ACCOHPAtiY  THE  BIRTH  OF 
THE  OCEANIC  CRUST*  MORE  RECENT  INVESTIGATIONS  FROM  AlVfN  AT 
SPREAOItiG  CENTERS  l»  THE  PACIFIC  HAVE  REVEALcDi  IN  ADDITION  TO 
NEW  QEOLOOtCAL  PHENOHENAi  BIOLOGICAL  COMMUNJTIES  LOCATED  AT  THE 
HYDROTHEflMAL  VEMTS* 

These  vent  communities  are  the  only  major  ecosystems  on  earth 

FUELED  BY  ENERGY' RICH  SULF IDE  COMPOUNDS «  Ch EMO S Y NTN E T I C 
BACTERtAj  ItiDEPENOENT  OF  SUNLIGHT  THAT  POWERS  THE  REST  OF  TrtC 
world's  QtOTAi  ARE  THE  FOOD  CHAIN  BASE  FOR  A  DIVERSE  GROUP  OF 
UNIOUE  AND  PftEVlOOSLY  UNXNOWN  ORGANISES*  ThE  InItIAL  DISCOVERY 
OF  THESE  STRANGE  BIOLOGICAL  COMMUNITIES  WAS  AN  UNAIIT  tC  I  PAT  ED 
RESULT  OF  A  FIELD  TRIP  TO  STUDY  THE  GEOLOGY  OF  THE  SPREADING 
CENTEft. 


25  y 


255 


Since  full  HLUCi[)AT[Ofi  of  the  plath   tectonics  concept 

REQUIRES  INTE5RATI0N  OF  THE  DATA  GATHEI^ED  FROM  MANY  DIFFERENT 
PARTS  OF  THE  EARTH,*A  GOOD  DEAL  OF  SC[ENTlflC  ACTIVITY  DURING  THE 
PAST^  TWENTV  YEARS  HAS  BEEN  INTERNATIONAL  IN  CHARACTER.  ThE  PLATE 
TECTONICS  CONCEPT   ITSELF  WAS   ESTABLISHED  DURINO  ThE   liPPEfl  MaNTLE 

Project  of  the  1950s,  sponsoaeo  by  the  International  Union  of 
Geodesv   and   Geophysics.      The    International   Dbcade   of  Ocean 

EXPLORATION'  ENDING  IH  1980,  EVOLVED  52  NATIONS.  ManV  LARGE 
PROJECTS  UNDERTAKEN  DURING  THAT  DECADE  wEftE  MADE  POSSIBLE  ONLY 
BECAUSE  SEVERAL  COUNTRIES  POOLED  THEIR  SCIENTISTS,  EQUIPMENT  AND 
SHIPS.  A  «EW  INTERNATIONAL  RESEARCH  pftOGRAH  FOR  THE  1980S,  THE 
[»TE REUNION  LiThOSPHERE  PROGRAM >  HAS  BEEN  INITIATED  (N 
ftECOGNlTlOrt  OF  THE  CO«SENSUS  AMONG  EAftTH  AND  OCEAN  SCIENTISTS 
THAT  THE  TIME  IS  NOW  RIpfe  FOR  A  CONCERTED  MULT  I  "D I SC I  PL  I  NARY 
ATTACK  UPON  THE  EVOLUTION  AND  DVNAmICS  OF  THE  EARTh'S 
LITH0SPHERE>  OR  CRUST- 

PLAMHifJG.  Riinr.PTi«n  m  wnogs  of  support 

The   Foundation   support   for   research  in  the  astronomical^ 

ATMOSPHERIC,  earth  AfID  OCEAfI  SCIENCES  IS  PROVIDED  IN  FOUR 
DOMINANT  MODES:  DIRECT  SUPPORT  TO  INDIVIDUAL  INVESTIGATORS  TO 
COVER  SUCH  COSTS  AS  DEVELOPING  INSTRUMENTS  REQUIRED  FOR  THEIR 
EXPERlMErtTS,  DATA  ANALYSIS^  AND  POS  T  "DOC TOftAL  ANO  GRADUATE 
RESEARCH  ASSISTANTS^  SUPPORT  OF  NATIONAL  CEHTEAS  AND  OTHER  MAJOR 
RESEARCH  FACILITIES;  SUPPORT  FOR  LARGE  COORDINATED  PROJECTS;  AND 
iHOiftECT  SUPPORT  OF  ^lANY  INVESTIGATORS  WHO  ARE  GIVEN  ACCESS  TO 
FACILITIES,   DATA,  OR  SAMPLES  ON  A  COMPETITIVE  BASIS- 
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The  hajor  facilities  which  the  Fcuhdatioh  support-  in  these 

DtSClPLlNES  tNCLUDE:  ^ 

0  FfVE  iJ5ER-<  RIEHTEO  NATIONAL  ASTfiOHOHlCAL  OBSERVATORIES 
PLUS  PARTIAL  SUPPORT*  OF  A  HALF  DOZEN  UNIVERSITY 
OBSEflVATORI ES  THAT  OPERATE  A  RANGE  OF  RADIO 
TELESCOPESj 

0  A  LONGITUDINAL  CHAIN  OF  BACK  SCATTER  RADARS  TO  OBSERVE 
WINDS  AND  OTHEft  PHENOHENA  IN  TNE  UPPER  AThOSPHERE  AT 
\0CATI0HS  FROH  6rEE:ILAND  TO  PERU; 

0   THE  National  Center  for  ATtto$PHERic  Research  <HCAR) 

WHICH  BOTH  CONDUCTS  STAFF  RESEARCH  ITSELF  AND  PROVIDES 
KAJOR  COHPUTAT t ONAL  AND  HODELL ING  FAC ILITI ES^ 
AIRCRAFT/  AND  RADARS  TO  (INIVERSFTY  RESEARCHERS^ 

0  seismic  reflection  profilfng  by  the  consortium  for 
Continental  Reflection  Profiling*  (COCORP)  to  hap  the 
structure  of  the  continental  crust  to  a  depth  of  70 

KILOMETERS^ 

0  THE  OCEAN  DRfLLiNG  SHIP  Ch^^lENCER  AND  ASSOCIATED  CORE 
REPOSITORIES  AND  GEOPHYSICAL  DATA  BANKSJ 

0  WITH  HOAA  AND  THE  OFFICE  OF  «AVAi.  RESEARCH.  THE 
MANNED  SUBMERSIBLE  Al,VfHi  AND 

0  THE  BULK  'OF  THE  OPERATIONS  OF  22  OF  THE  25  SHIPS 
CUftftEWTLY  CONSTITUTING  THE  ACADEMIC  0 C EA NOGRA PH I C 
FLEET. 
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Individual  project  support  ts  also  provided  in  all  of  these 

SCIENTIFIC  DISCIPLINES/  THOUGH  THE  PROPORTIONS  VARY  FROM  FIELD  TO 

FIELD.    In  the  earth  sciences  program,  for  Example,  the  bulk  of 

THE  'FUNDING  IS  FOR  SMALL  AWARDS  TO  INDIVIDUAL  I  rivES  TI  GaTORS  *  1n 
CONTRAST,  OvER  TwO'THIRDS  OF  ThE  BUDGET  FDR  ThE  ASTRONOflV  PROGRAfI 

GOES    TO    THEy. National    observatories    and    The^  u«iversity 

OBSERVATORIES^  LaRGE  COORDINATED  EXPERIMENTS  ARE  SUPPORTED, 
PARTICULARLY  IN  ThE  ATMOSPHERIC  AND  OCEAN  SCIENCES,  THAT  INVOLVE 
LARGE     NUMBERS    OF     INVESTIGATORS    AND    FACILITIES*        ThE  BALANCE 

BETvtEEN  Facilities  DEvELOPtiEnT,  operation  and  ^iaintenance,  and 

PROJECT  GftAHTS  tS  CAREFULLY  EXAMINED  EACH  YEAR  BY  THE  H^SF  STAFF 
WITH    ADVICE    IjROfI    THEIR    SCIENTIFIC    aDvISORY    COHHITTEES*  ThE^ 

IIational  Science  Board  also  reviews  each  of  THt  e  programs  from 

TIME  TO  TIME  AND  EXAMINES  THE  BALANCE  AMONG  THEIR  VARIOUS 
ACTIVITIES  AND  MODES  OF  SUPPORT* 

Access  to  facilities  and  coordination  of  their  scientific  use 

IS    ACCOMPLISHED    IN    DIFFEftENT    WAYS    It*    ThESE^  DISCIPLINES*  FOR 

Example,  ih  the  zarjh  sciences,  the  consortium  members  determine 

WHERE  PARTICULAR  SEISMiC  SURVEYS  OF  THE  CONTINENTAL  CRUST  WILL  BE 
CONDUCTED.  IhDIvIDUAL  GRANTEES  MAY  vERY  WELL  PROPOSE  RESEARCH 
EITHER  IN  TtlE  AREA  WHERE  THE  SORVEY  IS  TO  BE  CONDUCTED  OR  WHERE 
SUCH  WORK  HAS  ALREADY  BEEN  CARRIED  GOT.  DECISIONS  ON  THEIR 
PROPOSALS  ARE  «aDE  FY  ThE  NORMAL  COMPETITIVE  PEER  REVIEW  PROCESS 
OF  THE  PROGRAM. 

'    In  the  case  of  NCAR^  proposals  fro^i  individual  investigators 

INCLUDE  A  STATEMENT  OH  THE  FACILITIES  TO  BE  USED,  E.G*,  RaDAR  OR 
AIRCRAFT'  They  are  reviewed  by  a  user  coordinating  COMMITTEE 
WHICH  WILL*  FIT  THEM  INTO  ThE  SCHEDULE*  USE  OF  THE  FACILITIES  IS 
wITtfOUT  CHARGE   TO  HSF  GRANTEES,   THE   COST   HAVING  BEEN    INCLUDED  IM 

The  general  support  contract  which  HSF  gives  TO  hCAR.  The 
University  National  Oceanographic  Laboratory  System  <UN0LS) 

/r 
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PERfORHS  A  SIMILAR  REvlEw  FONCTtON  tN  THE  OC EaNO GRAPH  1 C  R^SEaACH 
PROGRAM'  REVIEWING  PROPOSALS  AND  DETERMINING  THEJR  PRTORlTY  AND 
SCHEDULE  ON  ONE  Of  THE  SrtlP^t  OF  THE  ACADEMIC  FLEET, 

Im  the  CAS^  of  The  HATIONAL  ASTROMOrtV  CENTERS^  INVESTIGATORS 
!       IT    PROPOSALS    FOR    OBSERVATIONS    DIRECTLY    TO    ThE  APPROPRIATE 

CENTER.     These  are  revi^weo^  selected  and  scheduled  by  a  user 

PEER  REVIEW  COMMITTEE*  AGAIN,  TIME  ON  ThE  FACILITY  IS  FREE  TO 
THOSE  SELECTED  AND,  IN  ADDITION^  KDST  TRAVEL  COSTS  ARE  COvERED  fiV 
TH£  CENTEfiS  AS  WELL* 

These  facilities  make  possible  a  large  nuhber'of  indtvidual 
PROJECTS •  For  example,  well  over  LOOO  astronomers  use  the 
Hational  Observatories  each  year  for  their  projects*  Similarly, 

OEEP  Sea  cores  from  the  CjMLLEMGER  PROGRAM  ARE  REQUESTED  AND  USED 

by  large  l^umbers  of  marine  geologists  and  geophys i c i sts . 

Over  the  years>  the  House  Science  and  Technology  Committee 

HAS  TAKEK  THE  LEADERSHIP  IN  RECOGNIZING  SOM'E  OF  THt  OUeSTIONS 
WHICH  SHOULD  BE  ADDRESSED  JN  BUDGETING  FOR  AND  MANAGING  COMPLEa 
activities  such  AS  iHESE. 

WITMIN    The    FRAMEwOfiK    OF    A    POLICY    SIATE«E«T    ADOPTED    BY  THE 

National  Science  Board  in  1979,  in  response  to  a  recommendation 
frort  your  cortmlttee,  these  ouestions  "  the  appropriate  balance 

BETMEEN  LARGE  F^ACILITIES  AND  SUPPORT  TO  INDlVlDU^LS  AND  ThE 
MECHANISM  FOR  INITIATING  NEW>  LARGE-SCALE  PROJECTS;  AS  WELL  AS 
THE  ADEQUACY  OF  SUPPORT  FOR  EXISTING  FACILITIES  AND  THE  PHASING 
OUT    OR    REPLACEMENT    OF    EXISTING    FACILITIES  ARE    ADDRESSED  AT 

SEVERAL  DIFFERENT  LEVELS  WITHIN  THE  FOUNDATION  AS^^A  PART  OF  ITS 
PLANNING  A«0  BUDGETING  PROCESS*  AS  !  HAl/E  MENTIONED  ALREADY* 
THEY   ARE  ADDRESSED   BY   THE   HSF   STAFF   AHO    ITS   Sx,IEnTIFIC  ADVISORY 

PANELS.    They  ari  also  reviewed  by  the  National  Science  Board  and 
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BY  ME.  In  ADDITION/  ^HEK  WE  ANTICIPATE  ThE  iNtTlATIOK  OF  MAJOR 
HEW  FACILITIES  Of^  THE  PHASItlG  OUT  OF  MAJOR  EXISTING  (FACILITIES/ 
THEY  ARE  CLOSELY   REVIEWED   BY   THE  OFFICE  OF  MANAGEMENT   AND  BuDGET 

AND  The  Off^ice  of  Science  and  Technology  Policy  before  eeing 

SU&MITTED  TO  ThE  ConGRESS. 


HlfiHLlUtiT^  OF 


I  ;^M  PLEASED  That  WE  ARE  Pf^OPOSlHG  AN  INCREASE  0^  21*3 
PERCEtIT  IN  THE  LEvEL  OF  SUPPORT  FuR  ASTROrtOM  I CAL  >  ATMOSPHERIC^ 
EARTH  AND  OCEAN  SCIENCES  IN  FY  1984.  Ue  ARE  PLANNING  A  MAJOR 
EMPHASIS  ON  THE  A^STrONOMICAL  SCIENCES  WHICH  WILL  RECEIVE  A  25*9 
PERCENT  INCREASE  IN  THIS  RAPIDLV  ADVAHCIH'3  AND  SCIENTIFICALLY 
EXCITING  AREA.  ThE  INCREASE  wlLL  ALLOW  US  TO  UPGRADE 
iNSTALMEtlTATtOH  AT  UNIVERSITY  AND  NATIONAL  OBSERVATORIES  AND  TO 
SUPPORT    PRELIMINARY    DESIGtl    STUDIES    FOR  .ThE  i'  VERV    lONG  BaSELINE 

'Array  <V16A).  The  VLBA  if  constructed  wou^Ld  be  a  major.  tiEw 
radio  telescope  that  was  given  very  high  priority  in  the  recent 
report  of  the  Astronomy  Survey  Committee  of, the  National  Academy 
OF  Scit:*^ES.  It  would  provide  lOO  times  s^reater  resolution  0^ 
celestial  objects  Than  the  best  present  telescopes*  The  design 
studies  to  be  supported  in  198^1  WOULD  provide  realistic  cost 

ESTIMATES  AHD  OTHER  iMfORMATlOH  NECESSARY  fOR  CONSIDER  I HG  THE 
INITIATION  Of  THIS  PROJECT  Irt  fUTURE  BUDGETS* 

The  emphasis  on  earth  sciences  iS^The  last  fEw  Foundation 

BUDGETS  IS  CONTlrtU^  ^  IN  FV  1934-  ThE  i/*CREASE  WILL  ALLOW  YEAR- 
ROUND,  tONTlHENTAL  f.EFLECTlOH  PROFILINI^  OPERATIONS  AND  GENERAL 
UPGRADING  OF  MUCH  '>F  THE  RESEARCH  t  jlsTRUMEtlTAT  t  ON  WHICH  HAS 
BECOME   OBSOLETE  SINCE  THE  MAJOR   FEDERAL   EOUlPMEttT   INVESTMENTS  OF 

THE  1960s- 
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In  FV  1^84,  THt  Foundation  e  -^ects  to  invest  about  s6S-0 

MlLLJON    TO    -  iPPCRT    CRUSTAL    PeSEARCH,    AS    AUfteADV  DISCUSSED* 

Incited  in  this  is  $26-3  jiillIOn  for  the  Ocean  Drilling  Program^ 
whicf*  us  now    m   the   aaeo  activity  and  which   provides  funds 

ADEOUATeX  TO  CONTINUE  THE  DeEP  Sea  DRILLING^  A  D I S  T 1  H<iU  I  SHED 
COMMITTEE  OF  EaRTH  AND  OC£AV  SCIENTISTS  MAS  ftEvIEwED  PRlORlrlES 
AND  DIRECTIONS  FOR  CAUSTAU  RESEARCH.  Th£IR  RECOMMENDATION/  NOT 
Y£T  PUBLISHED/  IS  TO  CONTINUE  OCEAN  DRltLlNG^  PREFERABLY  WITH  A 
LARGE.  MODERN.  LEASED  COMMERCIAL  DRILL  SHIP.  ThIS  PRELIMINARY 
RECOMMENDATION     IS     UNDER    REViEw     BY     THE     FOUNDATION-         If  TME 

Foundation  a^d  the  Administration  concur  ^ith  it,  we  will  Expect 

TO  PRESENT  APPROPRIATE  PROGRAM  RECOMMENDATIONS  TO  THE  COnGRESS. 

CQtiCLUDIHG  REMARKS 

Ar*  Chairman.  I  hope  my  remarks  this  afternoon  have  conveyed 

A  SENSE  OF  THE  GREAT  EXCITEMENT  OF  SCIENCE  AND  SC|EfinF.LC  _ 
R£SEARCH_J0_Y0U_  AjflD^JO -TH£  OTHER  mEMB^TRS^OfThE  COMMITTEE- 

1  AM  ExTrEmELY  PLEASED  THAT  THE  PRESIDENT'S  BuDGET  REOUEST 
fOR  TttE  FOUNDATIOH  PROPOSES  AN  18*5  PERCENT  INCREASE  OVEft  FV  1985 
FOR  THE  SUPPORT  OF  BASIC  RESEARCH.  h  THE  SCIENCES  WE  HAvE  BEEN 
DISCUSSING  TODAY.  THIS  INCREASE  wILL  ALLOW  US  TO  UPGRADE 
INSTflUMENTATJON  '^'^R  ASTRONOMICAL  AND  GEOLOGICAL  RESEARCH.  EXPAND 
OUR   SUPPORT  Of  jATE   STUDENT   REf        -  i  ASSISTANTS  AND  RESEARCH 

POST  OOCi^HAlES.  EXPAND  OUR  aCTIVITUj  IN  TNE  EXCITING  AREA  OF 
CRUSTAL  RESEARCH.  UITIATE  DESIGN  STUDIES  OF  A  MAJOR  nEm 
ASTRONOMICAL  FACILIT/.  AND  MAINTAIN  THE  LEvEL  OF  OUR  CORE 
PROGRAMS  AND  ACTIVITIES.  ThESE  ARE  INVESTMENTS  IN  OUR  NaTJON's 
SCIENTIFIC  AMD  TECHNICAL  FUTURE  AHiCn  I  HOPE  THIS  COMMITTEE  WILL 
STRONGLY  ENDORSE* 


26J 


NSF  OBLIGATIONS  BY  BUDGET  ACTIVITY 
FY  1983-1984 

(DOLLARS  m  MILLIONS) 

% 


BUDGET  ACTIVITY 

P/1983 

FY  1984 

CHAN  (it 
P/84/B3 

MATHgMATICAL  AND  PHYSICAL  SCIENCES 

$299,7 

$364,3 

21.&% 

ENGINEERING 

100.8 

123,0 

22.0% 

BIOLOGICAL  BEHAVIDRAU  AND 
SOCIAL  SCIENCES 

190,2 

223,6 

17,6% 

ASTRONOMICAL,  ATMOSPHERIC-  EARTH 
AND  OCEAN  SCIENCES 

276,2 

334.9 

21,3% 

U,S,  ANTARCTIC  PROGRAM 

83,2 

102,1 

22,7% 

SCiENTIPIC.  TECHNOLOGICAL  AND   .  . 
IGLLcnNA  1  lUNAlrArrAmb 

AA  O 

PROGRAM  DEVELOPMENT  AND 
MANAGEMENT 

65,3 

66,0 

1,1% 

UNDISTRIBUTED 

4,5 

 £ 

-100,0% 

SUBTOTAL,  RESEARCH  6  RELATED 
ACTIVITIES 

_  1,064,1 

L26a7 

17,5% 

SCIENCE  AND  ENGINEERING  EDUCATION 

30.0 

33.0 

),0% 

SPECIAL  FOREIGN  CURRENCY 

3.1 

2.6 

-16,6% 

TOTAL 

$1^97,2 

$L292,3 

17,8% 
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ASTRONOIVIICAL,  ATMOSPHERIC,  EARTH 
AND  OCEAN  SCIENCES 
FY  1983-1984 

(DOLLARS  IN  MILLIONS) 

♦ 


FY  1983 

FY  1984 

% 

CHANGE 
FY  84/83 

ASTBQNOMICAL  SCIENCES-  " 

 ^3.0 

$79.3 

25.9% . 

ATMOSPHERIC  SCIENCES 

75.1 

90.6 

20.7% 

EARTH  SCIENCES 

34.1 

42.1 

23.5% 

OCEAN  SCIENCES  \ 
OCEAN  DRILLING  PROGRAM  i 

97.7 

115.4 

18.1% 

ARCTIC  RESEARCH  PROGRAM 

6.3 

7.5 

19.0% 

TOTAL 

$276.2 

$334.9 

21.3% 

CRUSTAL  RESEARCH 
FY  1983-1984 

(DOLLARS  IN  IMILUONS) 


CHANGE 

FY  1983    FY  1984     FY  84/83 


EARTH  SCIENCES 


CORE  PROGRAM 

$21.1 

$24.8 

17.5% 

MAJOR  PROJECTS 
(E.6.,C0C0RP} 

4.0 

6.3 

57.5% 

SUBMARINE  GEOLOGY  AND 
GEOPHYSICS 

8.9 

10.4 

15.9% 

OCEAN  DRILLING 

16.5 

26.3 

59.4% 

TOTAL 

$50.5 

$67.8 

34.3% 
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ASinnsHMiCAL.  AiMtr>pH(ftiC-  earth,  akd  or™  '^citrjccs 

PROGRAM  ACTIVITY  SUMMARY 
rr  1984  PftOCftAM  TOTAL     U'J4^,^OD7GeO- 
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A^tr<?rK3micil  '^^^jfft^s   

Atff-<j^p^>erif  $cief>e^*s5   



20<7 

  e.o 

23. S 

9.  a 

Ccean  Drilling  ProtjrATis   

  9.e 

59, i 

  i.j 

19,0 

O  ;^3tr_orvoff)^  IS  in^reas^d  lU. 717. COO  frou  ^A^.'^PS.nOO  to  1^79.  ■^01.000. 
This  iO(^rfr-)'ie  ^llow3  the  ^nrh^'^^  tv\iy  to  brf^gjn  to  cafrv  oot  th*?  mOsl 
irtipof r ,if>t  r/^f"omffl'*nd'it ioh(>  of  thrf*  1^*00 rt  nf  A^t rooonty  Survey 
rr>rMttrf*t>  of  tho  lijnil  Arf^^J*?r!iy  of  *:i;icnc<*s.  Tht*  Includes 
1/1(1:  ^-^.^inq    "prer^<lui?;t  ti-V    tuCh  Knorov^^tJ    instronontatlon  at 

tjnU^r^/ittpS  dncj  n^tion^l  r^i^tpT^^  .ifvd  dtr.iin  si-ydi'»iJ  on  th^  V<*ry 


K::^'^T  COPY 
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i^C*  600*000.      T^iS    ificruf'jse   SuOtsort^    furtt>pr    'i^o^l(^l^^g   of  Ihe 
Cor.fHjUng  f^fjility  at  the  \3tion>l  Cefit<*r  fpr  ^ospht^nc 
Hi*:ti  th^s  purchase  of  3  new  irass  storJi<)^  syst-^a*     f^roioct  ^ijpporl 
ipf  r'*;!^;**^  1  sobdiacipl  inea   p3f_Ll  rill  n r  1  ;r  i" — T*^flOH»'ic;'ir 

 .  .,o^rT,  rnt-  bioD^i  AtmOiJpheriC  fl*;:;;(*^rcti  Proqran  rif^i^  w*li  into 

ih*s  dUa  ^n^lybis  Ohaso  cont  intiOO  to  Dhas<i  doy^f,. 

0  Tflrjj^^^SciPnc*^  is  inn  CflSrd  Sfl.OCn,  DOO  from  S  J^.  100*^00  to 
TtiTV0(K^6i\  whirh  aUo^s  ypjr-round  continent.-jl  r^^flpctiqn  Orofilinti 
^fOCOftP)  oDerationa*  ffi^ijor  g(>^r3din9  of  inatru^ftnt-inon  ;ind  fi  major 
research  thrust  on  the  evolution  and  htructur**  of  the  ^ont  tnf*ntal 
cruStf 

^  "^^J"  ^^^^  ^^^x  incr*^>3ed  S  7.925.  6  J2  from  1 61, 1  76. 1f*B  to 
i69,inU,^jOO  v(ith  **m(jhJ»^i^  on  ^rnistal  3i*wSi<*a*  P^rt ici*l.*f  1  y  hork 
rtfljU*^  t*i  r  *  ccmtin^mL^l  thrust  in  th*?  l^rtn  Vi'^rtr^^  ^jut^dCt  iv it 
Inrr^^.i^ud  t*^sjj  i^fint  Sfjpoor  t  i?;  f>rov  idf^fl  Uirosfiih  proi*>rt  r^riint  ^, 
f>oiritcn<jric*?  upqr  iJi'"!  of  bhiPbojrd  bcit'ntific  i^qiiipiir'nt  is  iiKr* 
^  Priority* 

n  {\'.t*Mj  ^^TiW^pji  i\  irt  riMm'tl  by  S^.ft  miMion*  ir^Vn  $16*Wj*000  to 
S^^,  ^M'.^jOO,  'lr**f  f*»-im1;*Uon  is  r*>^  le^inq  t^<*  ^L^»^jn  f>rillin^  fronriwn 
in  »Kf'  larr)?*r  ^onl^i^t  of  ^r^jstjl  studies  and  in  the  inU<)rjUqn  Of 
c  fni^  AnmUil  anJ  rAHFinfi  g<*e>logy  nnd  qpo(>^iy !>,ir;jl  '^Hjdi<»s.  f<*ndinq  the 
in*^  ^jf  thi^  '.tiidy,  hhi*  bjd<3et  h.'iS  tf^m  oeJ  ah  a  l*vi*l  whif:h  will 
(,rrrvi,1p  Tf*r  tfif*  ront  loiiit  ion  f»f  t^ift  ^oa  Drilling  ^^roler-t  Onii 

for  ProQrjKi  jf-j  i^it  li"*      it  iirc^  ourr^^nJiv  heinq  (»K<roiop(l. 

^   ^rrA^/l  -^**^lLil*i*         incrr-js^^M   lK2f>f».0Qfl   f  ro^         ^no.Onf)  to 


Oc^^in  Dr.iUiffq  ProfiTdjiis  Ibis  farmer  artivitV  is  no»j  ir^luded  in  th^ 
AALOj  jclivily  to  f^iriliJ'^l  *"  iHirtq^tftry  cqm^j^itiGOna  ^>nd  coordination  of 
proqrdm  dt-v"'lo^ynent  i^ith  rlo*iplv  related  Portions  of  that  activity* 
P;jf  t  ic*jlarly  subiFijrine  qi^olo^Y  >n^  qcOOhVSlCS. 

A  ^itudy  i*-*  bein*»  mdertakeo  at  t^ie  r!?qij?*3t  of  the  FotJo^f;»l  lOo  by  a 
itiGTimittre  f:qrTiptjsed  of  if^aJcrj  jn  the  rt^rth  ;ind  ort^-^n  ^r-lphrr^s  roirvtnunitlfla 
to  a^sesi;  Priorn-i*»a  in  crystal  sUi^ieu.  SPer-iril  Ht;*»ntiin  Mill  hf* 
devoleJ  to  ocr^an  dnilinO  a;>d  tbe  rtO?;t  pf f<*rt  ive  flieina  ^o  m»'*»»  j*^»*ds  lo 
(lie  ir»*^i,  r   rf^port  ttK|ptbwr  wi th  the  F  nmcj^it. *(>n*J3  rrcfi'^j*'t'*ndation*j 

ha-jpd  It  will  t>e  ,iv.nlablt»  for  ron*nd<*rat  ie>r>  at>  part  of  the 
fonqrpiif;ion,ti  r<*vit»w  of  tn*^  fv  l90(i  fj*jrtqf^r  ^ 
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HEHORAHDIIH 

TO:        KQBbers  of  the  W.  tjgc  Advisory  Group  on  CrJsUl  Studt«s 
FRCHt      Otrtctor.  Office  of  Scientific  Ocean  OrllUng 

SUBJEa:  Propoied  Use  of  a  CccwrcKI  Orllhhlp  In  the  Advjftccd  Ocean  Orllllng 
i.  StPinary 

tn  recent  nontbs  the  narket  fo^N^rge  tiodern  drHlf^lps  has  changed  draiMt- 
fcAlly.    rnfortnatlon  provided  bf^Sedco,  inc.*  on  the  SEOCO  472  ena))1es  the  MSF 
to  present  dftta  oti  the  capability  ^nd  cost  of  a  cooiffevxially  available 
drlllshlp  that  can  be  coeftpared  to  the  DPLOREft  and  CHALLENGER  options.  It 
should  be  noted  that  If  the  Foundation  determines  th«t  a  dii'tllshlp  similar  to 
SEOCO  472  should  be  leased  for  use  In  the  AfJOPt  a  coepetlttve  procurenent 
vould  be  conducted  to  select  the  idost  effective  shlp^at  the  least  cost. 
Therefore*  the  aaterlal  presented  in  this  nenorandua* should  be  considered  to 
Illustrate  the  posslblfltles  and  not  to  represent  «  selection  of  the  SEOCO 
472. 

Sedcot  Inc.t  has  advised  MSF  that  the  S£DCO  472  could  be  operjsted*  on  ^  long 
term  baslSt  At  a  day  rate  less  than^half  that  Mhtch  the  ship  cocnsanded  until 
September  mz*   Other  large  dyn^lcally  positioned  drlllshlps  mey  be 
Available  at  slnllar  retes.  The  proJecte<I  operating  cost  Is  essentially  the 
w&  as  the  current  cost  of  CHALlEMGERt  with  a  required  capital  Investment  iwt 
groater  than  that  necessary  tu  refUrbtsh  CHALLCNGEr, 

The  S£DCa  472  end  other  large  drillshlps  offer  technical  capabilities  well 
teyond  CHALLENGEr's  In  every  area.   Theif  _crtab1Htleg  are  Mwig^^t  T^^t  thj^^ 
EXP10WR*5  Iniirost  areast  but  some  offer  iroedlate  accets  ta  a  ^^ap  v^t^r 
HsctIj  which  EXPlORtl^  cannot  offer  in^the  first-stage  cojiverslon.   These  ships 
generally  have  adequate  accoemodatlons  for  increased  International 
participation,  but  laclc  the  room  for  future  expansion  offered  by  EXPLORER. 
Laboratory  space  could  be  approxfiffetely  double  that  on  CHALLEiJGER,  but  only 
about  half  that  available  on  EXPLORE)^. 

Given  the  recently  changed  <narket  conditions  for  these  selection  of  one 

of  th£s  as  the  drilling  platforai  for  the  AOOP  appears  tUely  to  be  the  cost 
CDst*effect1ve  option  available. 
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Rdjiivc  >.ipjh1iiio  \tf  tht  iltrvc  \lnp\  IS^m^kc  ViUun.tl  S<,M;fuv  I  timtJ.monl 
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lAIM  li  2  1    [U'i)uifenR*iit*}  lor  New  hmdni^ 


tMillum-t  oi 

it  Fhinrv  ^MiiJ  ^iiilj  .injfvt^t  («uipm m^itzon  by  inilhom 
D  1  j!>[}rjtor^'  iittn^phv-ttt^  (jLj^;fiK>niJtu*n  l>v  iniJJitm^ 

2  Vrj^  loiij*  Ibn'Imi-  Arrjv  yfitJ^idi'ii^  jl^  mil- 

3  Ni-v.  TftJi  ri'k-ii'ufv  IMJJ  HK> 

^+ 

]    AthtHM^^itioti  to  1  .pluFL-i  vik'llilL-  (krtyjjm  >2t^I 

*i  ('Umok  i^»v  I'xpo/imvri*^  HMt 
r  An  .ittion^iiiMiiil  Sv4ir^h  h>r  t  vtfJkTiv^tml  Jntclli- 

C  S/jm//  .Vrti*  fV^k^MJM*  c)f  luj^hnk  p/iorttv 

'milium  for  ^>pt■^Jtftm■*)  S  4 

Ottii^r  impoitjiit  prt^^Mm^  ^ 
*  ^p.tli.il  itxL'fMt*iiK-U-r  tor  Hio  ntid  jnfrjivJ  hiuhiJin^* 

SI  ti)illh»ii  U't  i>|vfjl!i*TM  '  ^  1 

U'  >  Hum  fMrfV*  lt» 
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[>i,  vi*j  u't  V!  M^v  JKi>i  ra^tv 


SPECTRUM  COVERAGE  OF  TELESCOPES  AT  NATIONAL  ASTRONOMY  CENTERS 


Jkvt  Aitfiprn'fti^  *H*fn  I  <\>]ri£fuMw  ff\^pjn[*cnJ^  the  iff^i^^l  and 

Ui  M>nini>nv^  ^Uttmy;  tV*  llus  r^ultlv  Kill 

Jetitnitni  lit  iJnMwT  s^jTc  ivitlim  our  ^JlJi 

i)  tcnh'U  iDif^j)K<  inJ^ht  ftHhi-fing  upjcm  ji  vi^^nal 
lidtltlt''  J*'***  *  nonJi^Jloltl  incr^JK  in  ^ptcJ  ^^>f  *|>t-irri*v 

^iili  rjn^f  ^'1  *oertlifjf  priiNOirt  Ihr  Osititnttot  Eind*  (hr 
vtcntriK  mrrit  of  Ihis  iitMntnwnt  t(J  Iv  hjjsh  thJl  ol 
,inv  f»th«;'  tihilth  itsrni Joj^vJ  Afi J  miplrj^l/t^  ttt.u  ||4  piioiiu 

it^  sHti-  H  (ulTii"li^if*l  '*jiJ[iic*^  Vk  itNxw  (hM^/ 

miUMh^'Ifr  wj^flcnftlli  iTfjton^  <'l  iK'  ^^>t^^^um  Hut  ju'  ir^ 

^tifh  j(i  imifunifiil  m  Ihr  l0-m  x^ill  pr^Mritt  uRprtv 
cJtniv^l  ^Ppp<>ttunitH'i  lor  ^udvin;;  ixioloculjf  And  Hivaic 

^  tun  w^ixm^ 

E^ST  COPY 


i»b]ixts  Jihl  lUMrJy  ^eiv  t^tyn.  ni  Ihr  ftntfomj^iioht 

2  A  Itjf  MlUiVii^ct  ^ixtti^^'h  \*i  ^hh«^  4<^cArfv  out  a  thuiouj^ 

toritiiitHs  of  itflWiTiolution^  tlsclntfi^ttllir  mcdmnin  jr^J 
pidrtftirt  Ainnospftriei 

3  -Is^^f  vibjFi/^^pifirf^rvdii'T^iiUmlw  £jithQit>it.i(»extonii 
the  (M»Krful  viN  itf<hmque  int^^^pjc^  in  pjrjlM  mtl^llH^ 
ripid  cdmpfttifHi  of  A  f^ounl'haf^  vu  Aruy^  m  older 
I'iwulif  mof^  ilftiJcd  ridht  rtupi  of  fo^plri  wurm  ^vn-tti 
^kv  Atvtr  jRT^  jn  J  hi{;htr  rrsulutioo  lluri  tht  ArrAv  fjn 
prmide  jloiit 

tooWrxe  rrdDiicnt  plienomtcu,  coikIuci  long-rfrm  4iir^v> 
jnd  iun«ttiMU'  pco^^dmi,  piov>dc  cnKuUi^  ntt^fnl  {^<tuiWl 
bj^rd  ^upporr  to  -iptce  j^lruncmy^  »nd  pvnnit  the  drx^> 
ppmcnt  of  instrumtntjiiKHi  vndtr  rcdiiilic  oHmm];  . 
diuoti^  Hh^  Cotiiiiiitte^  pAtticubtlv  ?P^tAf;(i  fedrtjJ  « 
wtdfifi'  fo/  thoH  pto|ect)  ihii  will  flM  tecvive  fi^ifiun^ 
hoitffderjl  funJinf;  for  cttnMriution  4»nd  oporjtKtn  / 

^pj^^i^MiwfJStir^rt^^^l^ffrviit^pcCitupivvideoWtvAttj/n^ 
of  uUt  Suh— lit?  itiMtri^  \tit — iirtttifljncmu'hly  Jl  op^iculd  ti 
iienv  tiltrj^itiltt,  i^iiLnu  tiv,  And  x  r^^v  McJfvvtni^hti,  to  iinrv 
*v\it  li>4»;-t<^fih  ^1u(^H^t  of  lJilj:i'-f<iV  rirculiiiorir  mtftnjl  ilv 
tu^  cjttt(;v  tr4tt^fTflt  p|tejiomtn4  ^nd  cufuiul 

olulion 

»  vir^f  i;^  it^^FtiN  ray  fxprr^^'tf'ti'^  tn  i.pA<.t.  ti»  prpnvolt  th« 
^rmU  of  wt^r  jrttt  srfJl^r  jcti^Jiv.  tlw  intftf teller  medium 
tilt  viiffti  ot  l]ie  flemrnl^j  jnd  ^Kilenl  »ljr  jnJ  (oMttre 
prcK<'vlv^'^  l 

7  >iiif'}r(t^ji^T>]Ji^j  wt^iil^/£TJ1'llf'}nlw]  J^lfiF^VlKlr'^^11)H  *iip 
p<trr(d  jit  ,1  minle^l  Icvi4.  onJertAl^^n  xi  4  iimit*tm  eJtoit 
t,sihri  Ihnin  a  ^httft  l«m  pro^.  ioJ  Apr n  tit  Ihc  jMitK 
if'jtKtii  <tr  ijie  ^^frrtr^l  siv^tific  fonmnurtilv 

^p-jjji      ^V<h/flnf^  llie  pfofjrjin  of  hig^m  pfiontv  h 
t  An  ^nknitd  jpi^rotimJt^ly  10  m  in  JuakI^c  tvt  jubfttiHit 
miti'f  Hnite  vlnervAhonsn  Jt  jn  vic^lrfll  gtound-tu^ed  sitt 
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Mr*  WAUiHtJN*  Thank  you  very  much,  Dr*  Knapp* 

The  ocean  drilling  program  has  been  relf^tively  controversial 
with  this  committee  for  the  time  that  I  have  served  on  it  and  cer-  , 
tainly  is  one  that  we  want  to  pay  very  close  oversight.attention  to. 

Now,  I  understand  in  the  budget  that  you  are  submitting  that  we 
have  a  $9.8  million  Jncrease  attributable  to  the  ending  of  agree- 
ments with  our  foreign  partners  ^so  that  no  funds  for  drilling 
beyond  thP  current  fiscal  year. 

At  the  same  time,  it  is  my  understanding  that  last  years  budget 
indicated  that  the  deep  sea  drilling  program  would  complete  its 
field  operations  in  1983, 

So  I  gues'^  the  question  is,  how  are  we  continuing  this  program? 
Apparently  we  are  extending  the  operations  with  the  ship  Chal- 
lenger, Is  that  correct? 

Dr.  Knapp.  Dr  Drake  will  talk  to  you  in  some  detail  about  the 
work  of  the  committee  he  chaired.  I  asked  the  committee  to  took  at 
the  problem  of  crustal  research  and  the  priorities  within  crustal  re- 
search, particularly  those  priorities  associated  ^ith  the  ocean  drill- 
ing program. 

When  I  came  to  the  Foundation  as  Director,  the  scientific  drilling 
program  was  controversial.  However,  at  the  present  time,  I  believe 
this  committee  will  ,make  a  recommendation  affecting  the  Chal- 
lenger in  the  following  way; 

The  Challenger  program  for  drilling  was  expected  to  be  complet- 
ed in  fiscal  year  ibSS,  At  that  time,  if  drilling  with  the  Challenger 
were  to  be  continued,  the  ship  would  be  laidup,  be  repaired,  and 
refurbished  for  further  use. 

The  end  of  that  drilling  will  now  occur  1  or  2  months  into  fiscal 
year  1984.  Even  if  the  Challenger  were  continued,  as  a  drill  ship, 
the  drilling  would  cease  so  that  the  ship  could  be  refurbished. 

The  increase  in  funds  is  to  cover  either  tl)  the  refurbishment  of 
the  Challenger,  (2)  the  modification  of  the  Explorer  to  be  a  larger 
drill  ship,  or  (3)  the  use  of  a  third  platform  for  ocean  drilling.  In 
this  case,  the  .third  platform  could  be  a  ship  leased  from  the  ships 
being  built  for  oil  exploration. 

We  are  in  a  fortunate  situation,  as  has  been  discovered  by  this 
committee.  The  world  oil  market  is  depressed,  9nd  six  such  ships 
iiuitable  for  deep  ocean  drilling  would  be  available  for  a  contractor 
to  the  Foundation  to  lea&e  for  deep  ocean  drilling  and  to  continue 
the  crustal  studies  program. 

This  is  a  fortunate  occurrence.  Six  to  nine  nnonths  ago,  these 
ships  would  not  have  been  available  or  would  have  been  available 
at  a  much  higher  cost*  All  of  these  complex  interrelations  are 
being  evaluated  at  the  Foundation  right  now.  As  I  said,  we  will 
come  to  you  with  a  p^^oposal  tq  go  forward  with  oceali  drilling. 
There  is  no  question  of  NSFs  comnwtment  to  ocean  drilling. 

The  proposal  will  be  the  most  cost  effective  for  the  maximum  sci- 
entific output  that  we  can  achieve  with  the  funds  at  NSFs  disposal 
in  the  crustal  studies  program.  It  is  a  program  of  utmost  impor- 
tance; one  that  must  go  forward, 

Mr.  Walgren.  If  we  do  go  forward  in  a  lease^l,  different  ship 
than  the  Explorer,  how  do  we  explair  t^e  ^V*  rr  ^rion  thai  has  been 
spent  on  the  Explorer? 
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I)i  Knai'I'  'Y]h*  i^i'i  iiijIIloij  and  ^-i  iwWlntn  iruin  indu^triat  part- 
iKTiv  111  the  eaiher  OMl)  vHoii  li<ue  bi-eii  i*X|H*iidv<i  on  a  ^5(.'rie^^  of 
^^CK'ntifiu  prugranl^^.  Tlit*  fitmU  ha^e  b^'^tx  UM-ii  fyi  u  M*rit\s  ofis^-ien 
iitu  instrumentation  development  pryi;ranI^^  ^md  t^^L^  difTt-'K-nt  de- 
M>in^  Gnu  de^jign  usied  the  Explorer  in  a  *  ■  conHguration  for 
margin  diillm^',  m  Konjusu'tum  ^^ith  ^uninicscial  partners.  The 
othur  d^r^iK*^  f'^r  inodifiiJation  of  llje  Explan-f  which  ^^uLJ]d  have 
u^ed  th**  ship  iti  Mie  drilhn^  pro^rtuii  wituout  a  riser. 

TheM'  expenditures  wi-ri-  neiJe-v^ai^v  fur  NSK  to  understand  the 
^cie  ce  and  co^t^^  nt^'eh^ar>  to  toiivert  the  Kxplofvr,  The  capital 
uj.sl  to  complete  the  conver^jion  ij(  Bxp'on-f  'a^  nuvt  X'ijtimated  at  $00 
million,  i 

^  and  most  o[  the  peopk-  in  the  Foundation  and  in  the  oceano- 
^tai^hit  and  r^rth  ^cieiRe."-  s^u  ntiHc  Lomniunit>,  feel  that  this  ex- 
penditure to  ttnder.staud  aLCUiatel>  tlw  costs  in\oi\ed  and  the  nec- 
<.'ssar>  mixlifii.  ^tions  tu  the  i^hip  is  money  certainly  not  tnisspent.  It  , 
i^  nei.e&bar>  man>  tmies  ty  develop  complete  planis  in  order  to  uiv 
di-r.sttind  ih.^  l&abltitieh  to  be  incurred  in  any  progiam  or  this  mag- 
nitude. 

Mr.  Walc;kkn,  I  ^ee. 

Dr.  KiNAi'P  Perhaixs  I  could  ask  Dr.  Shinn,  tne  Director  or  the 
OITke  ot  S\.ii^ntifK  (Xean  Dritlin^^,  iT  he  would  concur  with  these 
remarks  or  have  nnythin^  to  add.  ^ 

Mr  VVAi.(^itKN,  1  think  that  would  be  lielpful. 

Dr.  Shinii. 

Dr,  SiUNN,  Yes,  sir,  the  total  amount  we  sipciit  was  about  $21,5 
inilh(jn.  That  included  just  a  little  over  $3  million  contributed  by 
oil  *,ompdnies  under  the  ocean  margin  drilling  pro^jram  Of  that, 
dbout  a  third  was  spint  on  bCientiHc  planning,  independeiit  of  the 
*.hoKe  of  ship.  The  work  accomplished  under  those  expenditures  \^ 
entuvlv  useful  under  the  options  we  are  pursuing  now. 

The  remaiiidei  \vas  spent  on  engineering  design  studies*  lor  the 
Explorer,  If,  at*  now  appears  to  be  the  case,  the  intelligent  thing  to 
do  is  not  to  ^o  ahead  with  the  Kxploren  1  think  we  simply  have  to 
accept  that  n^i  the  coi^t  of  making  the  decision. 

Mr.  Wah^kkn,  PerhaiJs  we  ou^ht  to  leave  the  record  open  for 
■sonii^  subinissions  as  to  wliy,  at  this  point,  it  li  the  intelligent  thing 
not  to  go  forward  with  the  Explorer,  and  perha(3s  Dr  Drake  will 
toueh  on  some  oftliost?  CL»nK>ideijtioiis,  but  it  is  a  matter,  of  course, 
of  concern  for  the  committee,  and  we  want  to  have  a  record  that 
completely  documenLs  what  has  happened  there  and  how  U  \h  to  bt^ 
understood 

^iMati^rial  to  be  iiupplied  lollow^;) 
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Or  Drake's  Wsttihony  on  the  findings  of  the  Ad  hoc  Advisory  Group  on 
Crustal  Studies,  ^hKh  he  chaired,  e^cplatns  thF'b^c  rationale  for  the 
Foundation's  pr&fereng«^  for  leasfng  a  ccmmerclal  drill^hlp  rather  than  | 
proceeding  vlth  ExPLCR^R  conversion  at  this  time* 

Because  of  worldwide  conditions  in  the  oH  (larket,  pric«  In  the  offshore  i 
e^cptorallon  Industry  are  temporarily  depressed,    A  long-term  1«ase  for  a  , 
modem  dynamically-positioned  drtlhhip  could  prohdbty  be  negotiated^  undi^^r 
current  ecoponk  conditions*  for  dbout  one-haU  the  going  rate  for  such  ' 
ships  even  p  few  months  ago, 

A  conmercial  ship  would  require  only  limited  conversion  to  add  laboratory ^ 
spaces  and  prepare  the  drill  rig  for  scientific  opmtlons^  and  >^u1d  of'cfr 
the  Possibility  of  future  drilling  with  riser  and  blowout  preventors 
without  additional  capital  costs*    t4hen  contrasted  with  estimates  of 
capital  costs  of  530-90  million  for  a  first-stage  riserless  conversion  of. 
ExPLOAERf  this  option  Is  e^ctreinely  attractive.    Operating  costs  for^the  t^o 
ships  would  bo  comparable,  i 

Thrt'e  bacfcuP  docvments  are  provided  for  the  reco^^i. 

-  KoiBOrdndum  dated  February  2,  igB3,  ''Proposed  Use  of  a  Commercial 
Drlll^hip  In  the  Advanced  Ocean  Drilling  Program  (AODP)*" 

-  ^'Budget  summary  of  Basic  Orlllshlp  Options,"  dated  Janttary  3U  l9S3r 

-  A  tabular  comparison  of  scientific  capabilities  of  CHALLENGER* 
EXt'lOREP,  and  a  large  commercial  drillship,  undated. 

These  three  documents  were  prepared  for  the   Ad  hoc  Aovlsory  Group  on 
Crustal  Studies,  which  met  on  February  3-4,  1^3r:^ 


\ 


t 

I 

I 


27G 


274 


nsf 


FEB  2*  ^S33 


HIH0RAN01]}' 


Hembers  of  the  M  hoc  Advisory  Croup  on  Crtistat  Studies 


FftCH:      Director,  Office  of  Scientific  Ocean  Drfllmg 

SUBJECT.  Proposed  Use  of  a  Coavtie>xiAl  Drtllship  in  the  Advanced  Ocean  Drilling 
Prc^graw  imPV:    ' 


tn  recent  «onths  the  market  for  large  oodern  drillshtps  has  changed  drarnat^ 
Icatly.   Infonaatlon  Provided  by  Sedco,  Inc.,  on  the  SEDCO  A7Z  enables  the  MSF 
to  present  data  on  the  capablll^  and  cost  of  a  coonnerclally  aval1ab]le 
drlHsMp  that  can  be  compared  to  the  EXPLORER  and  CHALLENGER  options,  it 
should  be  noted  that  If  the  Foundation  determines  that  a  drlllsMp  slnflar  to 
SEOCO  A7Z  should  be  teased  for  use  in  the  AOOP,  a  Ctfnpetltfve  procurement 
Mouid  be  conducted  to  select  the  tnost  effective  ship  at  the  least  co£t. 
Therefore,  the  material  presented  In  this  atemorandua  sivould  be  considered  to 
Illustrate  the  possibilities  and  not  to  represent  a  selection  of  the  SEDCO 

Sedco,  Inc.,  has  advised  NSF  that  the  S£DCO  47£  could  be  operated,  on  a  Ion? 
term  basis*  at  a  d^y  rate  less  thqji  half  that  which  the  ship  conmanded  until 
Septe^^vbe/'  1%Z.    Other  large  dynamically  positioned  drillshlps  d^y  be 
available  at  sttstllar  rates.   The  projected  operating  cost  is  essentially,  the 
sa^se  as  the  current  cost  of  CfML£HCEfi,  with  a  required  capital  Inve^tnu^'nt  pnt 
greater  t^an  that  necessary  to  refurt^lsh  CHALLCHGER. 

The  SEDCO  472  and  other  large  drillshlps  offdr  technical  capabilities  vfell 
beyond  CK^ENGER's  In  every  area.  Their  capabilities  are  sonewhat  less  than 
EXPLORER'S  In  most  areas,  but  some  offer  imaedlate  access  to  a  dee?  water 
riser,  which  EXPLORER  cannot  offer  In  the  first-stage  conversion.   These  ships 
generally  have  adequate  accoinnodatlons  for  Increased  International 
porvki^atlon,  bol  l^U  the  n>oa  for  future  e^fpanslsn  offered  £}CHuR£A. 
Laboratory  space  <^u\<l  be  approximately  tfouble  that  on  CHALLENGER,  but  only 
about  half  that  available  on  EXPLORER. 

Given  the  recently  changed  marVet  conditions  for  these  ships,  selection  of  one 
of  them  as  the  drilling  platfom^  for  the  AODf  appears  likely  to  be  the  ^st 
cost-effective  option  available.  ^ 
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Tlie  SEOCO  47Z  1s  <me  of  six  existing  drlllships  which  have  acmily  dHlled 
successfully  In  over  2,000  r««t  of  wAt^r,  with  a  vlser  and  Ke11  control 
«<mfp«aent,  yhlle  dynaalcdily  positioned.   Three  of  these  six  ships  irt  owned 
by  Sedc<t,  two  others  dre  Vnlted  States  OM^ed,  anJ  the  sixth  Is  French, 
Another  six  to  «i9ht  ships  ar9U4b1y  itave  the  c^peblllty  to  worfc  in  deep  water 
while  dyn^lCAlly  positioned,  but  4re_unt£St£(?*  The  I4r9er  of  the»  ships 
i<^1d       be  generally  capable,  If  svltabb  ofodlfled,  of  carrying  out  tsost  of 
the  objectives  of  the  AODP,  as  described  In  the  OOSOD  report  and  other 
docottenti* 

The  technical  chdrecterlstlcs  and  estfuated  cost,*  ^-t  the  SEOCO  47Z  have  been 
provident  to  HSF  by  Sedco,  Inc.»  hhlch  ha:  ^reed  co  ;he  use  of  their 
InfonMtlon  In  this  Memorandum,   In  scnc  cses  the  d£ta  9lven  herein  are 
modifications  of  data  provided  hy  Sedco»  or  ^ri;  dr^wn  entirely  ^■'ocn  other 
sources, 

PrInclpA)  dimensions  and  characteristics  ol  t^e  CKAUtNG£(l,  £XPlOflF.(l,  And 
SEOCO  m  are  as  follows: 


CHAIUHGER 

S'iOCO  47Z 

EXPLOREA 

Length 

400  ft 

4m  ft 

ei7  ft  f 

Bean 

55  ft 

70  ft 

m  ft 

Operating  Draft 

22  ft 

2h  ft 

30  ft 

Opera t1n9 
Olsplacenent 

10,600  tons 

i6»700  tgns 

■44,400  tons 

Installed  Power 

7,700  KW 

14.700  KW 

Z7  300  KV 

Speed 

IZ  Hi 

14  Kt$ 

10  kts 

Crew 

45 

55 

Scientific  Party 

Z9 

£0 

50 

Ouarters 

74 

ISO 

Liveabillty 

poor 

fair-good 

excellent 

In  general,  the  SEDCO  472  is  about  ^0  percent  larger  than  CHAllENGER,  but 
less  than  half  the  size  of  EXPLORER,   Its  size  offers  a  significant 
0Qvanta9e  in  accofti&odations  and  carry  1n9  capacf^  over  LltAULMGLRf  but  does 
not  allow  the  really  excellent  laboratory  arrargenents  possible  on 
EXPLORER^  or  the  9reatly  Improved  1W1n9  space  and  the  capacity  for  future 
growth  possible  on  EXPLORER. 
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ChAr«tterl5tfc5  of  the  three  Ships  which  dffKt  th«1r  ability  to  drill  the 
wore  dIffltuU  scientific  Urgets  tnaj  be  stimarlwd  as  follows; 


SEDCO  472 

Drill  String 

23*000  ft 

^0*000  ft 

^33*000  ft 

tieave 

Compel  sa  tlon 

good 

f]ood 

900d 

Htid /Cement 
Systems 

1 Inl ltd 

goo<} 

^ood 

Casing  Storage 

1  Ijnl  t«d 

goo<} 

unllRtI  t«d 

Riser  &  BOP 

no 

6.000  ft+ 

najrhc  someday 

U««ther  Halts 
for  Drilling 

less  than 
other  ships  ^ 
but  not 

precisely  known 

45  kts  uind 
J5/26  seas 
2*5  Kt  cjrrent 

4S  kts  wind 
15/26  ft  SG«S 
2,5  kt  current 

S^a  Keeping 

^ood 

excellent 

High  Latitude 
C4pafrJlltj 

f«1r 

falr-gcod 

good 

Laboratory  Space 

4*500  ft^ 

9*000  ft^ 

19.000  ft  ^ 

OrIM  String;   The  capacities  given  are  those  whfch  can  be  conveniently 
hanjljej^  and  thus  used  In  norful  drilling*  A<l<}1t1onal  pipe  c^n  be  carried 
llTTlSF'hold  in  all  three  ships*  but  cannot  be  used  In  drilling  without  a 

?roiilb1tlve  handling  tine  penalty.   Usable  drill  string  length  Is  also  a 
unctton  of  drill  string  design.    The  SX  135  pipe  currently  fn  use  has  a 
practical  limit  of  ahobc  25*000  feet*   An  Inproved  design  with  heavier  pipe 
at  the  top  of  tha  string  would  extend  this  limit  to  about  30*000  feet* 
Beyond  this  depth  soue  aluDlnun  pipe  wotild  h^ve  to  be  used  to  reduce  the 
tPtal  string  velght, 

^ Heave  Coaoensatl on;  A  new  Urge  capeclty  heave  compensator  Is  Included  In 
TET"s53T7tc3c7i!r^ fo'  etch  £^^P    "e*^*  roasp^ntatfnn  rjinnot  hp  used  at 
certain  critical  polntSir  however*  so  the  Inherently  lesser  neave 
characteristics  of  the  larger  ships  offer  an  advantage. 

jd/Ceit>ent  Sjsttws;    In  riserless  drilling  nud  Is  used  sporadically  to  keep 
TAfr  h6le  (l^an  and  lubricate  the  b1 1.   Since  It  cannot  be  recovered*  Its 
use  is  llpltert  by  the  carrying  capacity  of  the  shtp,  a&  well  as  by  cost. 
CHALlEKGER's  carrying  capeclty  Is  quite  Halted;  the  other  ships  are  not. 

Casing;    Carrying  capacl^  on  CHALLENGER  Is  Hmltld  to  about  2*500  feet. 
dTFytng  capecltles  of  the  other  ships  «re  essentially  unlimited  in 
riserless  operations.   Use  of  casing  can  9^eat1y  assist  penetration  In  sooe 
drilling  conditions. 
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Riser  *nd  BjOKPUt  Prgyenter  (BOP).    CHALLENGER  cannot  c*rry  Of  han<Jlc  a 
ris#r  3nd  BDP.  t.^PLliKLi<  has  be^n  deilgnejJ  to  carry  a  13t000-foot  rher, 
but  the  expense  of  such  equipment  fs  at  prtstitt  prohibitive,  ^iid  It  Is  not 
f7k1uo«<J  Ifl  the  cui'rent  conversion  plans. 

The  SEDCO  472  can  presently  store  4,300  feet  of  riser,  and  can  handle 
risers  to  at  least  6,000  feet.  Sedco  dafns  this  capability  could  te 
mended  to  10,000  ieet  »#lthout  naJor  edification,  but  this  claln  Is 
wnprovfw.  The  e«<st1ng  c«pab1Hty  wowld     aecreased  scmwnat  by  tfie  need 
to  Install  laboratories  In  space  noyt  used  lov  tiibular  storage.   Thus  as 
configured  for  scientific  drilling  the  SEDCO  472  could  deploy  a  riser  to 
depths  o1  Interest  for  sooe  Important  sclentlilc  targets,  but  not  »#lthout 
the  use  of  a  second  vessel  to  carry  the  riser  and  vw\y  other  supplies. 
Such  a  vessel  could  be  leased  on  a  short  term  bssls.  The  costs  of  riser 
firming  to  deep  <)epths  ytoulA  be  50-100  percent  greater,  on  a  dally  basis, 
than  the  costs  of  r15«r1ess  drllllitg.  Weather  would  also  1;apose  a  Holt  on 
the  ability  to  transfer  large  places  of  equipment  betmn  ships.  Oe$p1te 
these  Units,  the  riser  capabOfty  of  the  SEOCO  472  fs  a  sIgnlMcant 
advantage  over  either  CHALLEMGCR  or  EXPLORER*  and  will  allo^i  drilling  some 
deep  passive  margin  holes  that  ottierwUe  could  not  be  attempted  »#lthout  the 
Mjor  expense  of  e<tu1pp1ng  EKPLOAER  Kith  a  r^$er.    In  the  long  ntn, 
hoi«ever,  a  ship  v^Uh  EXPLOflER's  full  capabilities  Mill  undoubtedly  be 
required  if  the  nost  difficult  targets  are  to  be  attempted. 


Heather  Linfts  and  Sea  Keeg^lpg'   ^oth  SEOCO  472  and  EXPLOftEft  have  been 
resigned  to  drill  nonsaiiyin  »#1nd$  to  45  knots,  15-foot  significant  seas, 
and  ^rfafe  currents  to  £.5  icnots.   CHALIEHGER ' s  Units  are  sone^hat  less 
than  these,  but  not  precisely  known.   High  wirtds  and  currents  require  high 
power  tonafnUIn  sutlon;  in  this  the  SEOCO  472  and  EKPLORER  are  about 
equal  and  markedly  superior  to  CKALLEHuER.   High  seas  induce  pitch  and 
roll,  Mhlch  cannot  exceed  about  7  degrees  for  safe  drilling  operations. 
The  larger  ships  provide  Inherently  better  pitch  and  roll  Characteristics. 

Hjgh  Latitude  Capability:  All  three  ships  would  be  capable  of  cold  weather 
^eraiifinst  wirh  me  larger  ships  better  li*  this  regard  than  the  SDaller. 
EXPLORER  cCuld  bz  rated  "tee  Class  C,'  and  an  available  sister  ship  to 
SEOCO  472»  the  471*  Is  classed  'Ice  Class  B,"  which  fs  a  higher  rating. 
CHIU.LEMGER  has  no  Ice  class.   The  class  of  the  ship  affects  insurance  costs 
and  th?  willingness  oi  a  Haster  to  operate  in  Marginal  areas,  but  there  are 
no  firm  rules  concerning  the  addltlo.ial  operational  advontages  of  Ice 
classing.   Kone  of  the  ^hlps  could  actually  drill  in  conditions  Involving 
other  than  very  light  ice.  As  a  natter  of  policy,  Sedco,  Inc.,  would 
r«qutre  an  escort  tug  or  tee  oreaicer  regardless  of  the  ship's  Ice  class. 

labQi?atory  Facilities:   Facilities  on  CHALLEHGEft  are  crajaped  and  badly 
Arranged.   Unly  *iir^1nal  Irnproveewnts  could  be  nade.  EmollEft  >*ou1d  offer 
truly  outstanding  facilities^  equal  to  the  best  available*  on  land  In 
all  resp^ts.  SEOCO  472  wuld  offer  a  =aJ0r  fptprcs-c^ent  over 
CHALuCnOER*  but  Mith  the  conpronlses  generally  associated  with  shipboard 
laboratories.   The  scannlfig  electron  mfcroscope  and  nlcroprobe  planned  for 
EXPLORER  would  not  be  possible  on  SEDCO  472,  a^d  there  would  be  much  less 
space  for  libraries,  study  carrels,  ^nd  conference  rooms.   SEOCO  472  wouid, 
however,  provide  about  twice  the  space  now  available  on  CKALLENG£Jt,  and  In 
a  superior  arrangeoxent. 
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Itl.  Cott  Smntr^ 

The  daily  <^ratlng  and  c«plUl  costs  associated  iiUh  ««ch  ship  v»y  be 
suecoarUe^  «s  follows  U983  dollars): 


chalunger 

SEOCO  472 

EXPLCftER 

Day  Rate 

S33i6O0 

S32,20O 

S33t6«0 

rue  1  ■  t^iiif  xon 

1  On 

Ann 

Fuel  Type 

Qlesol 

Olesel 

HeAvy  OiT 

Other  Costs 
r 

I2t200 

mtSoo 

S52.600 

budget  Est1vAt« 

S53  K/doy 

S53  K/doy 

S57  k/day 

CaplUI  Inv^^ietit 

111  H 

no  H 

S90  H 

Ulthin  the  \Uiit  of  estimating  accuracy*  the  operating  costs  of  CHALLWER 
«iKl  the  SEOCO  472  ar«  e>wi  the  sane,  iihlle  EXPLORER  Is  slightly  vore.  The 
vncertAtnty  Is  about  5  percent  for  either  CHALLEMGER  or  SEDCO  472,  and 
perhaps  10  p^ent  for  EXPLOAER. 

For  CHALLEKGER  and  SEOCO  472  the  figures  «re  «11  b«sed  on  recent  operetln^ 
experience.  For  EXPLORER  the  uncerUtnty  Is  1«r9«r  because  there  Is  ro 
operating  experience  In  the  converted  configuration,  although  the 
extrapolations  we  have  aade  froti  past  operating  experience  should  be 
reasonably  valid* 

Capim  Inveitgent:   The  estlaiates  for  CHALLENKR  and  EXPLORER  have  :)een 
discussed  elsevnere  In  detail.   The  estimates  for  SEOCO  472  are  very 
prellnfnarrt  and  may  be  subject  ta  considerable  errc*  *  The  principal  vork 
required  Is  as  follows: 

Modify  Orlll  RI9  for  Scicntlffc  Coring 
Basis:    Equipoent  qt  tes  for  EXPLORER       %  UO  H 

Ney  Larger  tteave  Co^pensatur 
Basis:   Direct  vendor  quote  1*S  H 

Modify  Station  Keeping  systea  for  Deep  ^ 
Water  ♦ 
Basis:    Rough  gueSS  tl  K 

Modify  txIstlng^Hold  for  Lab  Space 
Basis:   Rough  guess  L.O  K 

Build  OeckhouSe  for  More  Lab  Space 
Basisi    Rough  auess  Z^Q  H 


ERIC 


23x 
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Basis:   EXPLQftER       c<ivlF«KAt  lists 


2.0  M 


Reserve 


S  7.6  M 
Z.A  M 


lY.   lapict  on  InUrnatlonal  Participation 

The  ^EI>CD  472  wqutd  atlOH  the  sasie  sUe  scientific  p«rty  as  has  beei) 
planned  for  EXPLORER.   The  sMp  therefore  hAS  the  she  to  accommodate 
d<l<iltloo4l  furtner  countries.   The  cost  advantages  over  EXPLOfiCK  shouM 
mke  possible  a  coittrlt^utlon  level  In  the  range  of  tZ*S  M  per  ye«r  rattier 
than  the  (3  H  requested  for  EXPLORER.   This  would  reduce  the  budget 
protlens  kdilch  new  nwbers  have  to  cope  with.  ^ 

AP  present  and  prospective  partners  h«ve  Indlca'led  a  strong  desire  for  a 
n€M  >h1p;  none  prefers  to  continue  a  program  baiiHl  on  CHALLENGER.  The 
IntoTMtlon  In  this  »eao  was  presentecf  and  dl5<;rx^'sed  At  the  JOIOE^  Planning 
CcraCttee  oeeting  on  -January  28*  at  which  repreve/^ta lives  of  all  four 
current  Partners  plus  Australia  and  Mew  Zealand  were  present.  All 
oppressed  enthuslasa  for  the  concept  of  leasing  a  large  drltlshlp  If  terpis 
$1n11ar  to  these  can  be  obtained.  Australia  and  New  Zealand  expressed  a 
strong  preference  for  such  «  sMp  over  EXPLORER  bectuse  of  tne  Inoedlate 
Availability  of  a  riser.  Ihe  shorter  hiatus  In  drilling  possible  with  a 
leased  drltlshlp  (less  than  a  year  vs.  over  Z  years  with  EXPLORER^  U  also 
attractive  to  the  partners.   In  sua,  International  participation  at  the 
1«ve1  of  five  to  seven  partners  contributing  tZ*S  M  each  should  be 
possible.  I  believe  agreements  could  be  negotiated  on  a  long  tern  basis 
with  contributions  beginning  in  FY  1985. 

Y,  Conclusion 

Techrtlcallj  the  SEOCO  472  or  a  slflUlar  ship  would  be  supeHor  to  tHALLEMGER 
T71  *v*ry  respect.   Although  Inferior  to  EXPLORER  In  rtwU  r^^p*cts,  such  a 
SFitpwoulo  have  a  oiajor  advantage  over  EKPtOftER  In  the  lopedlate 
availability  of  a  riser. 

Operatirn  and  capital  costs  for  a  leased  drillship  should  be  similar  to 
xnose  ro>  CHAiitNCtK,  ana  tne  capital  investment  required  Is  puch  less  than 
that  re<tUlred  for  EXPLORER. 

International  participation  could  be  at  levels  appro;i1eatlng  those  possible 
wJ  kii  i^Ktkt^. 

Under  present  v^rket  conditions  the  leased  (^rlllshlp  option  appears^ to 
present  an  opportunity  to  provide  long  term  sjUbllity  for  the  Advanced 
Ocean  Drilling  Prograa,  based  on  a  plotfonn  that  Is  a  major  advance  over 
CHMLENGER,  at  little  or  no  Increase  In  costs.   Although  attaining  the  nost 
difficult  of  the  COSOD  objectives  will  eventually  require  a  ship  with 
capabilities  approxluatlng  those  planned  for  EXPLORER  with  the  deep  risers 
the  costs  of  such  a  shl»^  are  prohibitive  at  this  tloe.   t  believe  the 
cotnunlty  will  support  the  choice  of  a  large  «Mdern  ship*  to  be  letsed 
through  a  coopetltlve  procur«nentr  and  that  we  should  otove  forward  with  the 
necessery  arrangewvrnts  In  the  near  future. 


Allen  K.  Shirin, 


Jr. 
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SIMWY  Cf  BASIC  DftiaSHlP  OPTIONS* 


Jaruary  31  ^  1933 


OPUUtt:   DPlCREft  Drilling  After  fhtfe  Oit  of  CHALIEMCER  iCtinfiguraticn  "B") 

Actual  Total  Averd«  Cost 

FY  196?  FYJSg    FY  ISM    FY  1965    FY  1986     FY  l$e7-gOOS  1984-;00S    p&r  DrUTlW)  Year 

timtM&tR  t^tj       '  rifr.i*^  t  ifl.t^^^  J  Tis^^t       "T  -Ov^7"^ — ^'^J-  "   

£XPl€RER  (pi  -0-  -0-5.  -0-  10^*^'  ^0.8 
Science  6,0  7.4^'  9.3.,  9.S  9.6  n,5 
DwIgftiConJtriJCtloti         5.S         6.0       29.^^      3g>^        Z8.0   -0- 

TOTAL  vjt:^  no  nrr,.  rtr^a.  r4o.,,    rro,.,  *  78^.7      t  4oa***' 

L«s  Forcian  -  8,4  -  8.3- ,  -  4.6"  -  S.4^'  -  iZ.o'*'       -  17.0*'' 

L  J  OWlPA  '  '  Q.r^       -0-   -0^   -0;^   -0-^ 

H^f  Appr»|>r1*tlon  $  ZO.O  i  23.0     J  36.5     J  36.5      J  36,0  J  17.3       $  437.7  $  Z2.A^^ 


OPTION  Z:    Refit  .and  ContllUiatton  of  CttfLlEHGER 


FY  196? 

FY  1963 

ClM.UhG£A  (^S 

$  16.1 

J  18,^i 

6.D 

8.5-*' 

tevfi^  1  Destruction 

5.5 

mn 

Le«  Foreign 

*  l'^ 

-  e.3 

tns  WRPA 

'  p.l 

$  ?a.D 

4 

TOUT  Average  Cost 

FY  1964  FY  1965    FY  1566-93  19efl*&3      per  DrIlTlnfl  Yfear 

J  6.3  J  26.8*^^  J  ZO.e 

10.9  1?.6  1Z.4 

11.1   ^0-  „, 

^Qv  ♦O*  *0- 

JZ7.1  JZS.4  J  236.1  J  ?6.5*^' 


'Figures  *n  QiTllo«ts  of  1963  <k>llanr  mept  19&2. 


BEST  COPY 


SVIMAY  GF  GA51C  DRIUSMIP  GPTIOIC 


OPnOW  3:   ExPltft£fi  OrnHng  AfUr  Pha>e  Qui  Of  (mLE«GEB  fConflgtirailon 


Total 

fY  1962 

FY  1993 

FY  196» 

FY  1985 

FY  1986 

FY  1987-2005 

1984-2005 

CtVILLENGER  OpS 

1  ia.o 

1  2.2 

i  -0- 

i  -0- 

i  -0- 

-0- 

ll.l 

22.2 

6.0 

--  774- 

9-6 

-  9:S- 

-13.5  - 

Design  &  COnstruciloo 

6.0 

24.1 

25.8 

2S.t 

VITT 

1  795.0 

L«SS  Fcrol^n 

-  8.3 

-  4.6 

-  5.4 

-  12.0 

'  17.0 

L«SS  DARPA 

>  1.2 

-  0.1 

 ^O; 

 ^0^ 

 ^ 

1  £0.0 

1  23.0 

1  31.0 

1  2Sf.9 

i  33.8' 

1  18.7 

t  450.0 

onitW  4:        of  Exitilftq  Ctnrr^crclal  Ship  bcglpnlnq  1985  * 


FY  1982 

FY  1963 

FY  1984 

FY  19S5 

FY  1986 

ClULLEMCCfi  Ops 

1  18.1 

1  1B.6 

i  2.2 

i  -0- 

1  -0- 

HtM  Ship  C^S 

-0- 

-0- 

2-9 

20.8 

20.8 

6.0 

8.5 

10.9 

13.5 

13.5 

Design  i  Construciton 

5.5 

2.S 

10.0 

-0- 

-0- 

T70 

ino 

no 

Less  Foreign 

-  8.4 

-  8*3 

-  1.2 

-  12.5 

-  12.5 

Less  tlAfiPA 

>  1.2 

-  0.1  . 

4— 

 ^ 

t  20.0 

1  21.2 

^1  24.8 

i  2\.B 

1  ^1.8 

Average  Cost 


*Cofis  hi%tiC  on  uA&otklte^l  proposal. 
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Total  Average  Cost 

1984-93      per  OHIlIng  Year 


i  334.7  i  37.2*®^ 


1221.0  I  24.6*®' 


OPItOM  t: 


EXPLto  ORIUIHG  AFTER  PHASE  OUT  Of  CtiAlLEMGER 
 nnSnrTsuFJTTwr^B*!  


CHAUEKGEftQE* 
Drtiiing  contract 
S;o  Hdqtrs 
pps  Unc  Logging} 
Logistics  Office 


Actual 
nr  1982 


578 
4,355 
A2h 


FY  19B3     FY  1984 


3,276 
437 


%  M67 
3G3 
331 
3S2 


CHALLENGER  SubtoUl        $1B,123     $l&,a39     $  2,233 


FY  1985 
J  -0- 

-0- 


FV  19B6 
J  -0- 

-0- 


FY  1987-Z005 


-0- 


-0- 


EXPLORER  Ops 

-0- 

-0- 

-0- 

-0- 

$10,400 

$£u  ,600 

4 

SOITJraqtrJ 

578 

585 

575 

500 

60O 

60O 

£c1  Ops 

611 

645 

550 

350 

350 

BOO 

Scl  Services 

1»246 

^  1,400 

l.ZOO 

1,000 

1*£00 

le^m  Support 

125 

126 

20 

-0- 

GOO 

1.ZZ5 

lech  Support 
En9lneeHn9 

1,U4 

300 

100 

1.000 

1*9^0 

507 

^  674 

1,000 

1,000 

1,000 

800 

JOtDES 

55& 

7S4 

650 

6S0 

650 

650 

Site  Surveys 

834 

1.661 

3.700 

4»6£5 

.  :,7oo 

3*700 

Syntheses 

-0- 

-0- 

600 

600 

60O 

1*ZOO 

Oownhole  E^p. 

-0- 

-0- 

-a- 

-0- 

Z50 

500 

Publication 

450 

500 

SCO 

SOO 

-0- 

500 

Science  Subtotal 

$  6,033 

J  7,431 

$9»Z95 

J  9,52f 

$  9.550 

$13,465 

Oesl^n  i  Construction 

$  5^500 

'%  6>000 

,$Z9t600 

(32*400 

$28;aoo 

-0- 

TOIAL 

SZ9»65C 

:t3K470 

$4  MOO 

$4h900 

$48*000 

$34,300 

Uss  Foreign 

-  8»456 

-  3,370 

-  4,600 

-  5*400 

-IZ.OOO 

-17,000 

less  OAfifA 

-  l.ZOO 

-  100 

-0- 

^  ^  -0- 

-0- 

-0- 

MSF  Appro prUt  Ion 

$ZO»000 

SZ3,000 

$36»SOO 

$36,500 

$36,000 

$17*300 

to 
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OPTIOH  Zi   REFIT  AHD  CO«T1MUATIOH  OF  CHALLEHGER 


FY  ISS? 

FY  lSfl3 

FY  1964 

FY  |3d5 

FY  1986- 

CrALLENGCR  Ops 

Slci764 

S 13 174 1 

S  3^9c5 

tic  ^fifl 

Ops  (Inc  togging) 

A  nfin 

Logisiics  Of rice 

#  cuu 

-  - 

-   ---  ■■ 

S18  Jc3 

S  6^300 

)ZQ,8VU 

Science 

57a 

57B 

600 

600 

Set  Qps 

611 

645 

560 

650 

650 

Scl  Services 

1.40? 

.1,400 

1,400 

1,400 

Te^D  Support 

900 

Tecti  Support 

l.)£4 

MB4 

300 

1,£00 

),£00 

Engineering 

507 

774 

1,500 

1*000 

800 

^  JO IDES 

556 

784 

650 

650 

650 

Site  Survey  J 

834 

ji  i:7R 

4  »V«  i> 

/  t 

800 

600 

Oowvthole  Exp* 

-0- 

-0- 

500 

Ptiblk^tiqn 

450 

500 

500 

^500 

500 

Scieace  Subtotal 

»  6.033 

S  S.S31  , 

S10,»00 

S1Z,S7B 

S1£,4£B 

Design  &  Construction 

I  5,S00 

S  £.500 

Sll.lOO 

I  -0- 

I  -0- 

TOTAl 

SZ9,eS6 

S?S,300 

(33.375 

S33,??B 

Less  Forel9n 

-  S,4S6 

V  fl,37C 

.  l.ZOO 

-10,000 

Less  DARPa 

•  l,?0O 

•  100 

,0^ 

-0- 



MSF  ApProprfMlon 

}20,000 

S?7,100 

S?S,37B 

S?3,£Z5 

28  a- 


OPTION  4:    USE  OF  EXIStlKG  COHHCRCIAL  SKIP  BEGINNING  !%£ 


Actual 

FY  1982 

FY  1983 

FY  1984 

FY  19B5 

FY  1966- 

CHALLEKGEfl  Ops 

(13.741 

I  1.167 

(  -0- 

(  -0- 

StO  Kdgtrs 

m 

383 

Ops  (Inc  L099fn9) 

4,  ass 

3,876 

331 

logistics  Office 

4Z6 

437 

352 

ne;639 

I  2,233 

-0- 

To: 

Nev  Ship  ops 

-0- 

-0- 

I  2,900 

(20,a«o 

(20,800 

Science 

TOTRBqlrs 

S7a 

£8S 

.S7S 

600 

600 

Scl  Ops 

6U 

645 

SSO 

ffiO 

eoo 

Set  Services 

l.ZAB 

1,402 

1,400 

1,500 

1,500 

TeAn  Support 

IZS 

226 

1,225 

l,225v 

lech  Support 

1,154 

300 

1,990 

lt990\ 

En9lne«rtn9 

£07 

774 

1,500 

600 

600 

JOIOES 

5S6 

650 

6S0 

650 

Stte  Surveys 

Z,46t 

4,625 

3»?00 

3.700 

Syntheses 

-0- 

-0- 

aoo 

1,200 

1,200 

Downhole  Exp, 

-0- 

-0- 

-0- 

500 

50O 

PubH  cation 

450 

500 

500 

500 

500 

Science  Subtoul 

I  6,033 

I  a,53i 

(10,900 

(13,465  ' 

(13,465 

Ocstgn  i  Construction 

S  S,500 

I  2,500 

(10,000 

(  -0- 

(  -0- 

torn 

t29,6S6 

129,670 

tt6,033 

(34,265 

$34,265 

Less  Foretfln 

-  a,4S6 

-  a,370 

-  1,200 

-12,500 

-i:!,5«0 

Less  OWA 

-  L?0O 

-  100 

-0- 

-0- 

HSF  ApproprtAtlon 

}20,0D0 

tai,2oo 

S24,a33 

ta  1,765 

(21,765 

Uv 

/ 


:/  Ia  IW  OmOCEaopj  UM0b-sr><l^1eoc«-ls^low.becww-oLthe-pureb*se^of-*-nft<^dr^^^  — 
*2f  Assunes  (mLCNGfX  pttaus  out  at  end  of  FY  1963. 
3/  Assmcs  □lALLCMGCft  OpmUi  In  FY  1963  In  StC^  sUte. 

4/  UWA  whhs5^u>  Add  «  30  %  prpgr«o  u>  current  CHAUCNdft  $cte<ftile.  /Wftloral  com  will  t>e  difecily 

offwt  by  «<(dtt1<Mu1  tUPpA  r«1icburs«neAt  of  «pp}t»i1ihate1y  J£.0nfl11«n  to  be  recetved  In  FY  1964. 
5/  Cperdtlons  through  October  2U  1983  plus  daacbllimfon. 

6/  COftvcrslon  cost  «stfoiate  Is  Pbnn1n9  Is  to  t}}<m  for  unctrtalntks. 

7/  Asstmes        phase  out  (current  Agreements)  plus  JlK/e«  fnia  France.  ntC.  and  UK.  and  t.£H/ea  fro«  Canada 

and  one  ottver  new  tiot^V, 
8/  Phase  out  payments  unde.  curr^  agreoaents, 

9/  Assitftos  nN/^a  frca  France,  FRG^.UK,^plus  J2H  fron  Japan*  plus  J^ZH/ea  fr«n  Canada  an<t  om  otbe*  rwwvKnibcr. 
10/  (derating  budget  frtn  elUter  shfp  is  [(J50K/day  X  3651  t  SS7£K  SI€  0/H]  X  1.1  to  adjust  to  1963  ^toilers. 
11/  Four  current  partners  «  iZH/ea* 
12/  Asswes  6  nonths  operatl^s, 

13/  Ass&ties  1/2  yr  «  MK/yr/partner  plus  1/2  yr  *  Wyr^rtner, 

14/  Five  partoci^  9  J^tVea. 

15/  Assumes  5-6  full  partners  &  *3«/ea, 

16/  Assises  19*5  ytar  pnxJuctfw  life  ftor  DCPLCRtR. 

17/  Assures  9  year  productive  life  for  (miE}jGER  after  r«f1t, 

16/  ASSUPE7S  9  year' productive  Hfe  lor  an  ottsting  con^rclal  shfp. 


233: 


Basic  5<:ient1fic  Question  CHALLEHGER  Ca»bnfty 

(23,000'  dHll  string 
capability) 


A.  ItTTEGltATlOM  CF  COtmHEm 

m  cccAui:  studies 

I.  Corttlnent^Ocean  tr^n* 
sect*  irJftfng,  drIfUpg 
and  sub«1d«f>ce  histoiyi 

II.  Pre-cr*tacwi*  stdinwri* 
ti^  hfstvry  -  transi- 
tional ocean  crust 

UK  Blostratlgraphk  corrc^ 
latrlons 

IV.  C^r\Jugai«  n^rgliis;  cor^ 
relations  of  de«P 
selsnic  rt^nectlons,  A^c 
and  naUirt»  of  b^soncnt 

V.  Oldest  oceanic  rocV-  of 
the  Atlantic 

VI.  ftesearch  orl*rtUd 
resource  cvaluatfon 
(clatbrates,  iilner>H- 
satJon,  one  genesis, 
t^drocarbon  P^tvraUon) 

VII.  Datfng  of  continent  ^ 
Ocean  unconfonnltles 


Possible  vlth  carefully 
selected  shallow  holes 
exploiting  structural  and 
stratlgraphfc  variabilis. 
Experience  shows  heave 
cccnpen^atrfon  systfu 
unsatlsfactoiy 


EKPLOftER  Capability 
t 33,000') 


Other  Platrfoms 
(riser  capabtllty 
fiOOO'-BOOO'  yrfth 
30,000'  drftl  string! 


Saoe  as  for  CtiAUDlCER  but 
deeper  penetration  {Z-3K»}  If 
safety  can  be  assured.  Heave 
cotpeiisatlon  $ysten 
satlsfacton^ 


ftlsor  Increases  ability  to 
pifipnid,  stabilise  bole  and 
circulate  fluids.  Penetra- 
tion of  S  to  feasible.  The 
Presence  of  a  Hsor  >«1tb  BOP 
also  Insures  safety  on  margin 
areas.  Heave  coiiipGnsatlon 
system  'atfsfectoiy 


Station  keeping  ability  as 
^  as  EXPLORER 


GdStc  ScUntlf'c  Question 


CHALLENGER  Capability 
(23,000*  drill  StrJi»9 
C»p»b111ty) 


B.  cc£AH  csosr 

K  Dc«p  CruSwl  wnetrdtlon 
Inlo  toy«rs  tt  and  111  to 
undersUnd    f^ln  of 
oceank  crust, 
a)  Understand  nature  and 
conposltlon  of  t^r 
Il-tn  transition  and 
1j(y«r  HI, 

slgn^ture^  palfKioia^ 
net 1c  reversals  aod 
reffn(snent  of  sea  floor 
spreading  pro<:«s$4^s; 

^  origin  of  magiietk 
4)u1et  iofni, 

C)  fiydrothennal  drcula- 
tJon  Kithin  L^er  II 
and  111;  convection  and 
sea-vatfr  Interchan^t^ 
and  Alteration 
processes. 

d)  HeUmorphJc  structure 
as  function  of  age, 

e)  T«$t  OpbloVjte  mod^K 


Tctal  <]iepth  of  f>Gnctrat1(.n 
needed  Is  1,5-3,0  bn,  TJe 
deepest  peftetratlon  thus  far 
Into  oceanic  crus*  Is  LOeOm 
(Hole504DK  CHALLENGER'S 
capability  to  drill  deeply 
Into  the  cnist  Is  llrtilted  by; 
0  wealtier  sensitivity 
IriabfTlty  la  st^y  on  sta* 
tlon  and  keep  drilling  In 
heavy  weather; 
Inability  lo  handle  reentry 
cones  an4  casing  strings  at 
deep  depths  exc^t  In  caIn 
weather, 
0  Inability  to  carry  j&Ubstaik- 
tlal  casing  (2500'  v$ 
57*000'  on  EKPLCflER), 
0  Inability  to  cany  large 
supplies  of  nud  and  conceit 
OOOO  sicVi  storage  vs, 
28^000  sadc  capacity  on 
EXflGRER), 
0  tieave  compensation  syston 
not  satisfactory. 


EXPLOI^R  Capability 
(^3,000-1 


Other  Platfcims 
(riser  capability 
6000' -8000^  with 
30i000*  drni  string) 


DPlORER's  sUe  provides 
better  weather  toleiance  and 
essentially  unttnlted  storage 
of  inud,  ctmentt  and  casing, 
0  Weather  tolerance  allows 

fewer  Interruptions  t^ 

drilling  and  better  ability 

lo  run  casing, 
0  Casing  stabflUes  the  boU 

prevents  caving  In  prcb1c<n 

areas, 

0  Mtfd  speeds  penetration  and 
helps  Veep  hole  clear, 

0  Amount  of  Increased,  pene- 
tratfwi  can*t  be  accurat^'ly 
predicted,  Perhaps  a 
factor  of  two, 

0  Heave  conpensatlon 
satisfactory 


Riser  increases  drill  pene- 
tration potcjitlat  lo  depths 
cf  about  5      In  water 
depths  of  6-6000',  Thus 
scientific  objectives  are 
easily  within  capabilities. 
Increased  ptniping  ability 
and  closed  nud  circulation 
fq)roveS  drfllfng  cwdttJons, 
Heave  ccvapcnsatlcn 
satisfactory 


2u0 


Ba$lC  Sc4e«itif1c  Que$tl£>n  CHALLENGER  C«p«b111ty 

m,tCO'  drill  »tHn9 


tl.  OH  11  lug  on  young  ocHnK 

CRI$t. 

a)  Whdt  1$  character  of 
ncvi  oceanic  cm$t^ 
Nature  of  U^rttuil  and 
e)(chan9e  In  high 
tti^eraturo  rltfg^  crc$t 
convtctlon  systems, 

c)  Pewtratlon  Into,  or 
cl05«  tOf  ridge  cro$t 

d)  Crfgln  and  h1$to»y  of 


Highly  br«cctated  rocK$  of 
the  RKJge  Cre*t 
difficult  for  drilling  * 
0  H»d  mi'tobillty  of  inudt 

canont  and  ca$1f)9  to  $ecure 

prob1«natic  zone$. 
0  Ke«d  new  te<:hnology  to 

drill  Into  Kdlmem  fre« 

$tirface. 
0  Heave  c<3ntpensat1on  not 

satf$fMtory 


IIL  Sotmce  Region 
Character1$tk$ 

a)  K*ntle  chcm1$try  and 
hote>x>9ei]e1ty. 

b)  Fd$t  v$  $1ow  $pr«ad1ng 
r1dgo$, 


Re<»u1re  $hanow  (lOO-300iiJ 
penetration  Into  volcanic 
ccrcpACc  -  CHALtCHGEft 
$atl$factory. 


eXPUW£R  CapablHl^ 
(33.000") 


Other  Platfonns 
(riser  capsblHty 
Em'-WCA*  with , 
30,000*  drill  i^fing) 


Capablll^  to  carr^  Idrge 
anount$  of  rtudt  ccpent  and 
ca$1ng  critical  for 
penetration. 

Heed  new  technology  to  drill 
Into  $edirwnt  ^ree  $urfdcej 
large  ve$$e1  ficil1tate$  tj$e 
of  largo  $tdb111z1n9 
dev1ce$. 


Deeper  peMratlon  lAto  oceai) 
crtf$t  wittf  rUer  i$  fea$1b1ef 
If  suitable  $ite$  in  water 
depths       th^  QAOO' 
(22£ap)/ar«  available 


CXTLOftER  Satl$factory 


Other  platfonii$  $atl$factory 


COL 


e^SK  Sclefitlfic  Question 


CmiNEWTAL  MARGINS  - 
PASSIVE 

I.  Oeap  penetration  of 

$edlR^niatyrweti9«  to 

re<:over  record  cif 

continental  fra^nUtlon. 

i\  Establish  sedfinentdty, 
U«iioal  and  structural 
histbty  of  basins 
devc1onffit|  along 
continental  Atdnlns. 

b)  Calibrate  regfonAl 
stgnlffcance  of 
piultt -channel  s^timk 
profiles  an<l 
reflectors, 

c1  Regional  calibration  of 
transgresslve  and 
regressive  cyies 
{tectonics  vs  eujtatlcl 

dl  La^  scale  s**(ftar1oe  ,^ 
eroslonal  cycles, 

tt*  identification  and 
intep  retail  on  of  <^ep 
seiwik  reflectors, 

a)  UnderstaiKf  origin  and 
lllhologic  cJ»4ractcr  of 
«fecp  selfinic 
reflectors, 

b)  Deposition  histoty  and 
age  of  seaward  dipping 
and  UiHJward  dipping 
reflector*  In 
selected  passive  and 
active  rnar^ins. 


CliAlLENCCR  Cap3l>111ty 
(23,000*  drir-  String 
cap^llltyl 


Deep  penetration  (greater 
than  2  hp)  re(vt1red>.  (see 

Possible  solution  through 
Integration  of  shallow  holes 
using  carefully  selected 
sites  exploiting  topographic 
aiKt  jtn;ctural  opportunities. 


Limited  penetration  (^ 
e,l,K 

(ie<;u1red  peiietratlon  Is 
greater  than  i,s  km,  ttaixlcxfti 
,  CHALLENGER  penetration  has 
been  about  1.7  In 
sedirrtents. 


Shallow  holes  (less  than 
EOOtn)  possible* 


EXPLOftEJl  Capabttny 
(33,000*) 


Greater  penetration  fsec 
B,1,l, 

Ultimately,  the  very  <^ 
penetration  and  well  control 
provided  by  the  riser  plaitned 
f^r  CK)  will  be  required^ 


Greater  penetration  (see 


Other  Natfonns 
(riser  capability 

ecoo^eooo'  with 

30»OOD'  dnll  string) 


Scientific  otijectives  are 
wore  easily  reached  with 
riser,  I(icrea$ed  circulation 
of  rtod  enhances  hole 
stability.  Riser  also  offers 
the  safc^  required  to 
prevent  blowouts  or  oil 
spills,  Penetl^atloo  of  S  km 
Is  possible. 


tS5 
CO 


tiff^  as  ^H>ve 


292 


Basic  Sclejitl'fic  OucstiMi 


(?3.000*  drill  string 


tn.  tdentiffcatlcn  of  Botton 
SfmuUtlon  Aenect«r 
(BSRl  cUthratf  dlstrl- 
btftlOfit  cKonlstry  and 


0.  COnMHTN.  imtHS  - 
ACTIVE 

1.  Stnicture      Oyn^fcs  of 
Sijbdu<;tfo<i  Zones. 

i)  Or f gin  ^nd  ag^  of 
s«<f1rDf(its  ^nd  rocks  In 
^        accretfona^y  we^. 

b)  Structural, 
stratlgraphfc  x 
relatlcnshlp^  In 
occretloM^y  w^d9e 

c)  Stw^  changing  pt^ilcol 
t  «ncchan1ca1  properties 
of  sediments  during 
llthlflcotlon  as  they 
relate  to  stmctin-^l 
evolution  {lateral  ind 
vertical  fnot1<inK 

d)  txwlne  tenslooal, 
compress lonal  and 
rotatlcnal  ht stories  of 
subdue  tl  on  sones. 

ii.  Tectonics  of  non 
accretlonsry  vs 
accretkNty  trenches 


Penetration  of  1-3  Im  In 
water  depths  In  excess  cf 
20,000  ft  fn  oany  trenches 
0  Reentry  cones  and  casing 
cannot  be    run  In  deep 
water  except  under  Ideal 
ve«ther  cjndltf<ins. 
0  Poor  heave  codipensatlon 
reduces  drilling 
efficiency, 
c  problems  with  locat 
overpressdred  jones  c«use 
sertows  cavlnj  In  of 
b(^le;  limited  <;ap3blltttes 
to  control  prdjltm* 
0  Mud  and  casIm  limits  ^ss  in 


1 


imom  Capabflfty 
(33.000*) 


Other  Platfoims 
JHser  capii^mty 
6O00'-W0*  With 
30,000*  drill  String) 


oAbintv  to  handle  33,000' 
of  drill  string. 

0  Better  inherent  heave 
char^terlstks  t^  run 
re-enfy  ccr>es  and  casing. 

0  Effective  b&ave 
conpensatlon  1fii>roves 
drilling  efficiency. 

0  Essentially  unlbtted 
supplies  of  mud  and  casing 
to  bypass  overpressured 
2ones. 


Riser  allows  forAuch  d&eper 
F'^netratlon  (up  to  5  Jan 
posslbleK  Better  civxulat^ 
Ion  systoHr  added  safety  If 
t^drocarbcns  traps  are 
pierced. 


2D 


&4Sk  SclClitlfU  (|uCStE<Ml 


(Z3.0OO*  drill  strf*»9 


lit,  Age  and  origin  of 
jccrtted  materUl  and 
undt^rthrusi  sed1nseni$ 


HiSlCfiY  Cf  CCEAM  flAS(NS 

J*  :^ecoverfng  and  datfng  the 
oldest  oceanic  sedfotents 
a^d  rocks, 

i)  Test  plate  tectonic 
fnodel* 

b)  Test  oceanic  $vbs1<$eiice 
heat  flowRiodels* 

c)  Interpret  geologic  ' 
Ms  lory  of  ocean 
basins, 

d)  Study  of  rawants  of 
Paleozoic  oceans, 

e)  B 1 0S  irati graphic 
correlation  of  Hesozolc 
strata* 


Oldest  sedir»«nts  antf  rocks 
sbottld  bo  found  in  de«p  ocean 
basins  ^nd  tr«ncheS|  Ifi  water 
depths  of  ZOiOOO^  or  deeper 

CKALLEHGEA's  ability  Vovdxk 
In  very  deep  w4ter  is  sid>Ject 
to  drni  string  Hnltatlons: 
0  a»LL£HG£R  C4n  rad^  and 
handle  no  n^re  than  ttftXO* 
of  drill  strlrig, 
0  En  even  inodertte  weather^ 
CKALLEHGER'S  ^11  Sl2e 
loads  to  heaving  which 
Itrpo^s  additional 
dytiaak  load  on  the  drill 
pipe*  This  causes  limits 
tti  ^lllty  to  run  reentry 
twes  or  tflSltQ  In  tfeep 
vdtert  >^en  the  heave 
conipeosator  cannot  be  used, 
0  niALUiJGER*s  hem  conipen- 
sator  reaches  an  absolute 
imit  M  £3,000%  and  Is 
Increasingly  Ineffective  at 
depths  below  about  18,000*. 


ERLC 


> 


tsPum.?.  Capability 
(33,000) 


Other  Platfonhs 
(riser  capability ' 
600O'*B000*  with 
30,000*  drill  String) 


0  EXPtWER  will  r^Ck  33,000' 
of  pipe* 

0  Because  of  she,  heave  Is 
Inherently  less  than 
CHALLEWG£fl*s 

0  Iteave  cop^ensator  will  have 
a  design  Unit  of 
1,000,000  lbs,  vs 
amEHGER  design  Unit  Of 
600,000  lbs  and  actual 
lltnit  of  460^000  lbs*  Ihls 
Mill  allow  heave  catipensa- 
t1o<i  at  all  water  depths, 

0  Alunlnun  pipe  or  snail 
dl^cneter  ploe  at  the  bottom 
can  be  used  to  extend  pipe 
below  absolute  Ifrpit  of 
J9,000'  for  SY-135  5*^  Steel 
pipe. 


Sleullar  to  EXPlOftEA  Capabi- 
lities* Riser  cannot  be  used 
In  depths  over  8000*  (tiSOv) 


to 
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Bdsfc  Scientific  Question  CH/U.l£»GER  C^p^blllly 

(23X00'  i*rill  JtHng 


SniDIES 

I.  High  Utltixle  Drilling; 
^\  K«(y  to  p»le«M>ceanlc 
circulation 

b)  InltlAtlon  of  present 
<fay  themohdllne 
circulation 

c)  Titifitg  ^'xJ  extent  of 
9l4Clal  periods 

d)  AeUtlonfhfp  between 
tectonics  and  p»1eo- 
ocean  ciriculatlon 

c)  Correlation  of  sea 
level  tr4ns9f«slons 
and  regressions  >rith 
tectonics  ^nd  glacfal 
periods 

f)  High  or^^nlc 
productivity  yields 
cfttxlnin  re&oltttlcn 
{pAlconagnetics, 
blOStrtftlgraphy, 
p^lwenvirornt^rit) . 


HJgh  latitude  <Jr1111ng 
rewires  veather  wlwKws, 
which  n»y  or  nay  iy>t  be  long 
enough  end  calo  enough  to 
allow  OVLLEHGER  to  wcce^t. 
(mi&lG£Rc«t\  <trl11  notmaliy 
In  Wither  that  caws«s  rolls 
of  no  more  than  7  *  P*st 
legs  luve  been  only  Aiargln^ 
Ally  success  lU 


EXPLORER  Capability. 
(33,000') 


Other  Platfoms 
iHser  capability 
6000'-86o5*  with 
30,000' Urlll  stHng) 


She  reduces  vessel  motion  In 
an/  given  sea  state*  tXPLOREf^ 
can  roll     to  7"  without 
affecting  drilling  (this 
Unit  fs  related  to  woHcIng 
safely  on  t!w  Vlll  floorK 
For  EXPLORER  this  toII  llailt 
Kill  not  be  exceeded  In 
conditions     to  15' 
significant  seas,  AS  knots  of 
^n^,  4nd  2.S  knots  of 
curr^t.  CHALLEHGEA'S  Units 
are  less  than  tiKse,  but  not 
firecliely  VnoMi.  "The  chance 
of  success  for  Exi'LjORER  Is 
Uterefore  significantly 
greater  than  fior  CH/U.UHGCR, 
-rbut  the  actual  <t1ffercnce 
depends  on  tiK  weather  whcit 
the  ship  U  on  station. 


thiUty  to  drill  on  margins 
xlth  H^r  allcws  for  the 
conpletlon  of  paleoenvlron- 
ment  transects  and  correla- 
tion Kith  continental  bore- 
h(»1es  and  9eol09ic  sections 

Station  keeplftg  ability  as 
900d  as  EXPLCftER 
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UNITED  STATES  GENERAL  ACCDtlNTlNG  OFFICE 
WASHJNGToN*  D.C*  ^0U« 


itocch  4.  1983 


Tbo  lEonorflble  Don  FuquA 
Chalraao ,  CotaaiCt^e  on  Science 
and  Technology 

llouse  of  Repre*  cn  toll  vas  j- 

Doar  >lr  *  Chalrcnan: 

$ubjec t :     Nat lor^al  $c  lence  Foundation's  Expcn<Ll  tu res 
for  PiAnnlng  Che  Overhaul  and  Conversion  of 
the  IS*S*  OovernmenC  Ship  Glom^r  Explorer 
for  Deep  Oc<ian  Scientific  Drilling  Purposes 
(CAO/PLRD-83-47) 

On  November   li  l$B2t   representatives  of  your  office  asked 
us  to  dcterslne  hov  Quch  money  has  been  spent  In  planning  the 
conversion  of  the  Oloosr  FrXplorer  f  roa  a  mining  ship  to  a 
caobi^le  scientific  decP  ocean  drilling  Platfora.     We  vorc  ssked 
also  to  give  our  opinion  of  tho  aanagesient  controls  used  by  the 
tiatlonal  Science  Foundation  (nSF)  to  assure  the  reasonableness 
of  expenditures.     Based  on  further  discussions  trlth  your 
representatives,  ve  ve  re  Asked   to  focus  on  the  ^.ontract  vith 
Lockheed  Kissiles  and  Space  Company ■  Inc. 

Ve  maae  our  review  i^  accordsnce  vith  generally  accepted 
governaent  audit  standards*     At  N$F  Headquarters,  ve  interviewed 
off   ials  and  revietred  contract  flXesi   Interagency  agreecent 
records,  and  scientific  and  technological  reports  on  the  ocean 
drilling  progran.     We  did  not  audit  the  costs  charged  to  the 
project*  but  ve  di<t  identify  the  management  cont^o^ls  and 
techniques  used  by  NSF  to  asaure  thaC  the  Project  vas  reasonably 
oonducted«     Our  vork  Indicates  that  IfSF  expenditures  have  been 
reasonably  controlled* 

Since  1^75  tlSF  has  avardc^t  ^I6i400,394  fn  aPpr opr  1  ate<t 
funds  arid  $5,l20i333  In  nonappropriated  f'unds  to  various 
scientific  And  contracting  organizations  lot  dererntlnlng  the 
merlrs  of  d^ep  ocean  scientific  drilling  and  the  moans  to 
achieve  such  drilling  (see  enc .   I).     Of  the  total  $2K520«727, 
all  but  $tO/,00(l  vas  used  for  scientific  and  engineering  <^tudles 
related  to~t^e  ship  Explorer  as  (-be  priaary  candidate  for  d 
mobile  drilling  platform. 
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The  ExPlc^rer  convcrelotx  proj^cc  evolved  £roa  a  contracCual 
srud^  .do'he  Id  1975,  by  the  Oc«an  Resourced  f^nglneerlng  Company 
(qRR)  vhlch  vaa  risked  by  NSF  Co  deteralne  the  rype  ot  Vltttiarm 
And  e^u  1  (>ttcn  t  rc  qui  red  c  o  achl  eve  dcc(>  ocean  drilling  for 
scientific  purposes      qre  noted  that  a  pro(>erly  equlP(>ed  large 
surface  8hl(>  was  Che  beac  oPtlon.     Using  oRE;*a  resulCSi  a  second 
conCrdcC  was  IcC  wl C h  Global  Harlne  DevclopmcnC i   inc^i  Co 
'dereralne  whether  cho  Explorer  was  a  viable  candldace  for  rhe 
pZaCfora.     Global  concfuded  Ic  was* 

NSF  eotapeC  1  tl vely  contracted  vich  Donhalser  Harlnci  Inc.i 
CO  evaluate  both  che  ORE  ^nd  the  Global  reporr^  fet  reason'^ 
ableness^     Donhalser  concluded  each  reporc  was  accurace  and  * 
reasonable  • 

WlCh  Cheoo  rcsulCe  ^3  a  basl^i  KSF  conPc Cl t 1 vcl y  leC  a 
conCrac C  with  Santa        ^ngl ncc rl ng  Sc rvl c^a  Cospany  Co  develop  a 
concepcual  baseline  dcalgn  of  how  Ch«  Explorer  could  be  over' 
hauled  and  converted   Co  perCora  deep  ocean  sclcnClCle  drilling 
given  Che  recommended  e<]ulpttcnt  described  ifi  the  earlier  three 
reporcs.     The  Santa  Fe  contract  produced  Che  required  eoncepc  ^ 
C r oci  Vhlch  a  cojt C rac  C  y^s  eo^pe Ced  Cor  deve loping  ClfSC  a 
preliminary  dcslSn"a  reasonable  re pi7£senCat Ion  of  che  rough 
conf IguraClon  of  the  eonvcj;^jE»d  Explorer  — followed  by  bld-quallty 
MueprlnCs  (known  as  a  conCtact  design)  of  Che  aechod  Co  over- 
haul aftd  convetC  Che  Exp^lorer.     SanCa  Fc*a  eoncapc  dcslSn  ' 
required  2  years  co  develop  ar'a  <^osr  of  $^p3S4|63S  In  approprl-' 
aced  funds  plus  $846i730  In  nonappropriated  funds.  * 

t 

Tollovlng  Santa  Fc's  vork,  NSF  sollelC«d  bids  for  Che  Sys- 
C^ios  trCegr.^ttOn  Contract  for  the  Ocean  Hargln  Drilling  Frogtao, 
subsequently  renanx^d  Che  Advanced  Ocean  Drilling  program*  The 
conCraeC  (^aa  for  (l)  the  production  oi  a  prellalnaiV  deslEn  and 
a  contract  design,   (2)  Che  ranageoenC  of  che  Explorer's  con- 
version and  fabrtcnClon,   (J)  the  flnAl  acceptance  testing  and 
Initial  operarlon^  of  Che  Explorer »  and  (4)  Che  expecCed 
operation  and  maintenance  of  rhe  convcrred  Explorer. 

In  Novenber  1,981  Lockheed  successfully  competed  for  Che 
conCraeC.     The  eonCraoC  has  beon  awarded  $6>9&3i133i  vhlch 
represents  abour  32*4  pe'rcent  of  Che  Cotal  Explore  r-rc  la  Cod 
funding*     Loekhee'l^s  eonCraeC  vas  InlClaCcd  wlCh  an  Incremental 
award  of  $1,2  million,  vlilch  waa  Increased  twice  during  fiscal 
year  '1982:   the  first  was-  $2 1 79S  i  O.OO  and  rhe  second  ^^it 
Sl»l&S,n3.     Total  fiscal  y.»ar   1982  funding  awarded  ro  tockheftd 
cdue  to  $Sil83in)i  dn  amount  JuaC  short  of  rhe  $5.2  million 
authorized  by  thi*  National  Science  Board  —  NSF's  g^ovcrnlng  body. 
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toe  k  Ik*  0  J  '9  pi  .in»4<^t  i  im41ri(!  noodc^  for  I  t  Htvil   v^rac  19^3 
totaled  34t7aO,97lt  wtijch  tticlml*^^  .t  (IxcJ   f^^c    -1  ^^*»Kfl96i 
llovcvcti   tlic^  Inl  c  la  1 Iscdl   year  itvArd  ^a^f   t^r  Sl.ft  niil-^ 

1 1  otC  tut  oovo r  Lo'kltt'cd  per f oraan#e   throuf^h  January   I98?i  sMb~ 
sducnt  ly  trxt eroded   through  March  11,         3  .     Expvnd 1 1 ur<^a  dut  t ng 
thin  Pot  tod  onnno  t         prec  laet/  det't^iainedi   but  m^y  be  1  c  s<i 
C  h^tti  di/ifdcd  bt' cause  N&F  1   for  c  hu  c^onvcn  I  one     of   c  be  Gove^rnaun  c  « 
^rclnlly   ccrmtnatcd   th<-  contcact  cf£Gcclv<>  Jiitiuar7  1.  H33» 
jiHovtng  only  sr>[qc   c^^kt^  to  ttCi^iv*^  wrap-up   C uad  1      1     Comp Ic 
i^^cftlnJClon  is,  s^cdulcd  forMnrcli   IL.  l/S^i- 

A*  Che  sysU'iis  Intvj^r^tlon  contractorr   Lockfi^-cd  was   to  pro- 
vide cbgldcerlng  cxPorcls<»  and  ^^rviceii  nect'Ssary  to  tku  dc^tgn^ 
conv^rrislon  and  f^brtcntlon*  tc^M  ng  ^  opcractont  ^nd  support  of 
the  drtlllnil  ve^^cl  atid  the  Installed  drilling  system  for  Chc 
Advanced  OcufiurSiT  1 1  Hog  Program*     Contract   re sponsl bl  1 1 1 1  c A  wcie 
to  b^  not   J^n  fcur\phaaesj  — 

-^Phase  l-Designr     The  phase  v^s  ortglnnlly  Intended  a&  a 
I  1-year  Jctlvlty.     Due  to  furiding  changes  thla  phose  has 
beeri  divided  into  Pha^e   lA-pre  1  i mina ry  Design  to  be 
>ichl«^ved  In  fiscal   year   1982  and   Pha^e  TB-Conttaet 
D«^4lgtt  to  be  Achieved  durtttg  ftseal  year   1983  . 

f re tlmlnary  design  allows  hSF  (and  its  advXsocy  orSahl- 
zations)  dt'tatled  eonf  1  gura  t  ions  of   t  he  dr  t  lyl  Ing  vessel's 
reqtii  r^joen  t  s  to  mei^c   Idettrlfled  obJeetlveSr     Froa  -these 
conf  If^ura  t  Ion  plans,  N&F  ean  evaliiate  the  nectts  of 
con!t  1  nu Ing  ut t h  the   Advanced  oce an  Dr  1 1 1  1  ng  Program  and 
Its'  essential  cqy t pnx-nc --c he  converted  and  a p[>c op r  1  nte  1  y 
equipped  B^iPlorer. 

Preliminary  ^IfsUn  has  been  v  1  r  t  uaH  /  coople  t  ed  and  KSF 
-  -  -    bn~S'  parttatl^  funded  eoncract  design*     To  be  eoi&ple  ted  1  n 
fi&cal  year  the  contract  design  requites  Lockheed 

to  have  detailed  plans  ready  so   that  upon  NSF  approval 
conpc 1 1 1 ttf e  shl pyard  se lec tion*  c an  be  ^ achieved  f  tfr  chc 
e-onvetslon  and  f^btleatlon  of  Exploret  and  its  drilling. 
systeT:^'.     The  contractus  teretinatton  affects^che 
completion  of   cIlIs  and  the  renalnin>!   thtee  phases. 

—  phase  Il-Oonvorslon  ancT  Fabrication*     This  pha&e  uas 
pldntit-d  for  the  period  October   1983  to  June  As 
^  the  fl/steias  integtation  contractual  toekheed  was  to 

iaana>!c  and  imp  1  eaon  c  all  offorts  re^  ulred  to  con  vert 
the  ^*ilp  .*nd  fabricate  the  drlllinf!  systemSi 
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"Pha«c  m-flnnl  Acceptnnce  Testing  and  tnltlcl  ^ 
«Op<^r.3Clona,     This  pKssQ  uas  expected  co  bvgln  In 
July   198^  and  «nd  In  June   l9S6np     The  c(>ntracCor 
v&s  to  oversee  prob Ices  ordeflclenclcs.  / 

"^Ph^se  IV-^OpcraClons  anil  HdlnCctiancc^.     This  phaee 
uas  to  begin  In  July  1966.  '  U  to  require  chc 

sysCems  Iti » egr  At  Ion  cont  rhetor  Co\  support  ship 
operoclons  vhl-ch  uere  Co  be^  condueCed  In  elo^e 
liaison  ulCh  che'seli>nee  conCraetor,  (presently  the 
JolnC  Oeconographi e  IneClCuClon^f  Inc.). 


Using  eelence  and  engineering  consulting  eonCraeCs  and 
InCerageney  agreeBenrnai  ^SP  has  assured  Icself  ChaC  Ch? 
continued  need  for  deep  oeean  drilling  fexlats  and  thac  Che 
Explorer  i$  the  mosc  viable  oP'clon  fo-r  achieving  che  eelenClfle 
objectives.     Purcher,  MSF  has  tepeaCedly  verified  Che  c^$Cs  of 
ICS  con CtAe C  awards  as  veil  as  Che  conversion  cost  esClaaCee 
provided  by  eont raeCors  charged  uLth,  developing  such  eaC Imates. 

*^ 

MSif  Surveillance  of  Lockheed's  aelrua^   nnd  planned* 
axpendlCurce  and  cost  projections  f^jr  cbe  eonCract  pha$ee 
deaonetraCva  fhc  diligence  NSF  has  applied  to  conCrscCs  during 
Che  Explorer  progi^Aoi^    -The  Lockheed  Proposal  and  ^he  proposals 
of  competitors  uere  critically  reviewed  by  a  large  panel  of 
^    exCernal  sclentlfle^  eng  Itieer  Ing  i  and  aanageaent  experts  as  veil 
as  experts  from  vlrhln  NSF.     Con;;racc  invoices  and  progress 
reporcs  nave  been  re v teued  fori  re^asonabt cnc as  and  eompl  1  ^nee  by 
HSF's  BCaff  wlChln  Che  0/flce  of  SclenClfle  Ocean  Orllllng, 
ConCraet  dellverables  —  lnCerlpx.^r   f^nal  produeCs^^ receive  boCh 
Incernal  revleu*andi  as  neces^nryi  expire  external  review 
through  pre-ausrded  eonSultlng  conCracCs  and  Interagency 
agreements^     ItSt ,  from  Cine  to  time,  has  asked  the  selentlfle 
eomnun iCy.  engineering  professional^!  and  uanagenen C  consul CanCs 
'     to  evaluate  var  lous  eonponcnta  and.  deJli  vcjrables  of  Loekheed '  s 
cont,ta«ct,     KSF  appears  to  huve  done  a  reasonable  i^b 
protecting  lts>..  Investments  In  Explore  r-re  i  a  ted  activities. 


AS  your  of  f  Ice     1  ree  t  ed  ,  ue  dli  n^t  obtain  official  gency 
comments  on  the  content  of  this  reports     llouevcr  i  thtouShout  the 
course  of  our  ^^ork.  ag<^ncy  officials  uere  continuously  Informed 
of  -  our  obee^r  vat  Ions  .  ^ 

We  are  s<^ndlng  copies  of  this  report  to  the  Directors  of 
the  Matlojtal  Science  Fouadstlon,  the  Office  of  Management  and 
Budget,  and  the  Office  of  Science  and  TechnoUgy  Policy,  j,nd  to 
the  Chairmen  of  appropriate  congressional  e  onral  t  tees  -  'Topics 
will  also  be  oade  available  to  other  Interested  patties  ui^in 
request . 

Slncf?roly  yours. 


Donald  J .  EEoran 
Director 
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Mr.  W'AiAiithN.  Will  ><jijr  $1).S  mjlljon  cover  ^our  antici  ated  ex- 
jJeribes  in  the  next  >ean  L-\en  ^o\n^  forviard  viith  a  differt-nt  vehi- 
cle? 

Dr.  Knapk  Yes. 

Mr.  WAixiREN.  So  that  is  all  you  anticipate  asking  for  in  this 
next  fiscal  year>  rt^gardletis  of  how  that  choice  comes  out? 

Dr.  Knapp.  If  the  ocean  stjenccs  prygrttnli>  and  the  ocean  drilling 
program:^  are  lumped  together,  vie-  ina>  a^k  f<jr  bume  change  in  the 
division  of  fundb  betwct^n  ocean  sciences  and  ucean  dritlingi  but 
that  would  be  the  extent  of  our  request.  ^ 

Mr.  Walgren.  Nuw..  there  were  sume  foreign  contributions  to 
thiy  effort  that  tipparently  are  not  continuing,  at  least  at  the 
moment.  Can  you  tell  us  what  fb^xpect  in  that  area? 

Dr.  Kn\pp.  Yes,  sir.  ^ 

If  we  go  forward  with  the  leased  ship,  we  will  go  to  our  partners 
and  solicit  fiscal  >ear  1J)84  cijntributionb  to  defra>  planning  costs. 
The  amount  vifOuld  be  much  less  than  $1  million,  perhaps  $200,000 
to  $500,000  per  partner  The  amount  would  depend  upon  our  de- 
tailed plans. 

1  und^r^tand  that  in  ocean  drilling  with  the  Explorer  or  with  a 
leaded  ship  yte  .an  expect  full  participation  of  the  international 
partners  agaiji— perhaps*  an  expanded  group  of  partnerb — when  the 
drilling  program  comes  back  into  operation. 

Mr.  Walgrkn.  Thank  you,  Dr.  Knapp. 

Mr.  Bateman.  ■  ^  . 

Mr.  Bateman.  I  have  no  questions,  Mr.  Chairman. 

Mr.  Walgren.  If  I  couid  touch  on  a  couple  of  other  subjects,  we 
have  in  the  past  been  concerned  about  the  infrared  telescope  in 
Hawaii,  which  is  presently  supported  by  NASA.  There  had  been 
suggestions  of  coordination  of  that  support  with  NSF. 

Where  does  that  stand  in  your  pkHt^S^ 

Dr.  Knapp.  When  the  fiscal  year  1984  lifudget  was  prepared,  the 
issue  Was  raised  between*  the  Foundatiorr,  NASA,  and  the  0MB. 
The  0MB  decided  to  leave  the  infrared  telescope  in  the 
budget  for  NASA. 

,  As  recently  ay  February  23.  the  discussions  between  NASA^and 
NSF  centered  on  NASA  funding  that  facility  in  fiscal  year  1984. 

Dr.  SALPtTEic.  Mr.  Chairman,  if  I  may  express  here  the  vieiv  of 
the  infrared  abtronomers.  They  would  prefer  that  the  project 
remain  with  NASA  because  about  80  percent  of  infrared  astronomy 
is  done  not  from  the  ground  but  from  ijpace.  Such  research  is  sup- 
ported by  NASA.  The  same  astronomers  spend  mayhe  20  percent  of 
their  time  looking  from  ground-based  telescopes.  Con&enquently, 
there  li)  some  blight  advantage  if  the  grouij^  based  facilities  sup- 
porting the  space  work  are  also  managed  by  NASA. 

Mr.  Wai^ren.  The  very  long  baseline  array  radi^j  telescope,  if 
that^  is  the  way  it  is  knownt  wher^  are  we  in  that  fjrogram,  and 
wlven  do  you  seti  construction  of  facilities,  and  what  kinds  of  facill- 
ties^'are  involved  in  that  sort  of  program? 

Dr.  Knapp.  ITie  funds  fQr  fiscal  year  1984  are  to  carry  out  a 
design  study  of  the  facility.  Construction  of  the  facility  would  be 
started  with  fiscal  year  1985  funds.  -  ^ 

The  VLBA,  as  it  is  called,  is  a  series  uf  radio  telescope  dishes 
placed  acrobs  the^  United  3tates  into  Alaiska,  perhaps  in  IlawaiL  It 
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involves  the  yyiKliroiu/t'tl  uiM-ration  of  thu^e  dUhes  to  make  precise 
linages  of  radio  sources. 

Perhaps^Dr.  Salpeter  would  comment  on  some  technical  details. 

Dr.  Salpeter.  There  is  interesting  contrast  between  two 
rather  major  projects,  both  of  which  Dr.  Field  will  discuss  later  for 
the  panel. 

His  panel  had  advocated  two  major  p'^Jects  in  ground  has^d  as- 
tronomy, .the  verjy  large  baseline  array  of  radiotelescopes  and  a 
new  technology  optical  telescope.  On  purely  scientific  grounds,  the 
panel  had  not  made  a  value  judgment.  Both  projects  are  important, 
but  they  work  in  different  areas.  However,  in  the  matter  of  timing, 
and  for  reasoni*  of  purely  technological  innovation,  there  is  a  great 
difference.  Essentially,  the  VLBA  is  ready  to  go  now.  For  the  final 
design  one  needs  to  know  where  to  put  the  nuts  and  bolts,  but  no 
m^or  breakthrough  is  required  in  the  technology.  But  for  the  new 
technology  telescope--tlie  real  drama  at  the  moment  and  at  least 
during  the  next  couple  of  years^it  is  really  a  matter  of  which  tech* 
nology  is  the  best. 

Do  you  make  one  single,  very  thin  mirrarM)o  you  make  mirrors 
that  are  almost  like  an  egg  crate  to  give  stability?  Is  it  dozens  of 
sepr.rate  mirrors?  Is  it  mirrors  that  are  hinged  together? 

So  there  ih  a  gieat  difference  on  the  time  scale.  I  hope  the  VtBA 
will  be  long  finished  before  construction  starts  on  the  next  big  opti- 
cal telescope. 

Mr.  Walghen.  Turning  to  the  atmospheric  sciences,  do  we  have 
an  unmet  computer  need  in  atmospheric  sciences  at  this  point?  I 
am  particularly  thinking  of  the  National  Center  for  Atmospheric 
Research. 

Dr.  Knapp.  I  beheve  we  do.  As  in  any  of  the  computational  sci* 
ences,  as  one  learns  how  to  make  computations  with  the  state-of- 
the-art  computing  equipment,  tht  possibilities  of  doing  a  better  and 
more  complete  job  always  comv  up.  The  possibilities  of  using  the 
new  generation  of  supercomputei's,  the  CRAY  II  computers*  in  the 
future  at  NCAR  and  Colorado  for  atmospheric  and  climate  model- 
ing look  very  exciting.  To  do  so  would  require  the  addition  of  a 
larger  computer  at  that  center.  It  is  in  the  future  plans  for  funding 
from  the  Congress. 

Mr.  Walgren.  But  it  is  not  presently  reflected  in  this  year's 
budget  request. 

Dr.  Knai'P.  That  is  right.  It  is  not  presently  being  requegt^d. 

Mr.  Walgren.  Has  the  NSF  done  an  overall  computer  survey  of 
its  needs  in  various  programs,  and  are  there  ways  that,  through 
transmission  of  <Jata,  access  can  be  given  to  more  sophisticated 
computer  services  that  might  be  available  in  another  place  or  an- 
other program? 

Dr.  Knapp.  At  the  presect  time,  the  computer  at  NCAR  Is  availa- 
ble by  remote  line  to  investigators  in  other  universities  who  are 
doing  calculations  with  the  models  resident  in  the  computer  at 
NCAR.  In  that  sense,  for  this  one  scientific  discipline  within  NSF's 
budget,  we  do  provide  access  to  the  supercomputer  at  NCAR  for  in- 
vestigators in  the  atmospheric  sciences.. 

The  Foundation  i^  just  now  starting  to  survey  the  mathematical 
and  computer  sciences  for  supercomputing  requirements  The 
survey  was  spurred  partly  by  Dr.  Wilson's  request.  But  it  was  also 
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spurmi  b>  ilw  n-t{Ui-sXs  uf  iiuin^  others  in  many  disciplines  who  be- 
heve  the  supcRuinputei  i.>  nt^ci'^iiary  to  their  work  and  who  need 
acceiis  III  the  universUieb  that  graduate  students  can  also  be 
trained  in  the  use  of  these  large  facilities. 

Or.  Salpetkk.  NCAR  has>  been  farbighted  in  hovs  it  defines  atmoS- 
jjiieriL"  scieiitus  where  the  uise  uf  the  super  computer  is  concerned.' 
People  in  allied  itreas  vthere  the  methodolot^y  is  similar  to  that  of 
tile  atmofapherit  scieme-s  (jIsu.  bavu  been  abJe  on  occasion  to  use 
the  computer  there. 

One  of  my  gmduiJte  students  is  iiitereijted  in  huge  galaxies  and 
the  intergalactic  gab.  The  ;>ubjeL"t  is  different  from  the  terrestrial 
atmy;>phere.  but  thv*  methydyIog>  of  the  hydrodynamic  calculations 
IS  simihir.  He  has  bet;n  able  to  get  free  time  on  the  computer*  and 
there  is  ijonie  back  ond-fuith  in  methodology*  between  different^ sci- 
ences. I  fe^i  such  uXL'hanKe  is  always  useful  if  it  can  be  achieved. 

Mr.  Wauiksn.  But  NSF  hix^  not  had  a  task  force,  really,  and  per- 
hnp^  should  not.  looking  at  vshat  the  potentials  for  computers  are 
and  the  needs  throughout  and  how  they  can  best  be  met. 

Or.  Knapk  NSF  should  have  such  »  task  force.  NSF  also  should 
try  to  integrate  the  requirements  of  many  of  the  agencies  of  ^Gov- 
ernment ill  i>rder  to  understand  what  science  as  a  whole  needs  in 
supercomputing  capability. 

The  DOD.  the  DOE.  the  NSF.  NASA>  the  Institutes  of  Health  all 
have  interests  jii  some  areti;?  which  vvould  reQuirc  supercomputers. 
It  seems  unreasonable  to  try  to  do  all  of  these  separately.  Over  the 
next  few  yearsr  we  will  i^ee  developed  networks  between  these  types 
of  computers  which  will  allow  access  between  different  scientific 
disciplines  und  between  different  investigators  funded  by  different 
agencies.  It  is  a  difficult  and  time-consuming  task,  and  we  are  just 
now  trying  to  understand  how  to  get  started  on  those  investiga- 
tions. 

Mr.  Walghen.  Turning  to  the  Earth  sciences.  I  understand  the 
National  Academy  of  Sciences  has  a  report  on  priorities  in  Eai'th 
science  research.  Has  that  report  been  issued,  and  if  so^  what  has 
been  our  response  to  it  through  NSF? 

Dr.  Knapp.  I  am  not  familiar  with  that  report.  I  will  ask  my  staff 
to  reply  for  the  recoi"d. 

Mr.  WalCiRKN.  All  right,  fine. 

(Material  to  be  supplied  follows:] 


A  report  c-nlilk*<l  OpporLutiilies  for  Resi-arch  iti  the  Geolo^rical  Scienct^>  is  now  in 
prf|?iiriiLion  by  a  committee  of  the  Guolopicdl  Sciences  Foard  of  the  National  Acad- 
emy ol  Science*,  Th«s  report,  ex^tcled  lo  be  pubbsliud  on  July  1.  VMi.  is  based  o" 
the  rei,^^^i^t  oi  a  brt^id  fcurvtv  o(  the  field  including  24  professional  societies,  14h  geo- 
logical i^cicnce  depiirlmenti  in  univerbitiU*,  and  a  Variety  of  government  afjencles 
and  other  oir^ranisiations  en^ja^tcd  in  i:eolo|:ical  roijearch. 

Mr.  Walgrbn.  Then,  in  the  area  of  oceanography,  we  are  not  in-; 
creasing  that  ^irea  to  the  degree  that  we  are  some  others— ocean 
sciences.  They  oceanographers  are  receiving  an  increase  but  some- 
thing m  the  range  of  10  percent.  Oceanography  is  one  nrea  that  is 
obviously  related  to  the  climate  research*  and  yet  there  is  no  men- 
tion of  tfiat  factor  in  the  ocean  sciences  budget. 
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Are  you  sutJbfied  that  wt  are  taking  proper  account  of  the  rela* 
tionship  of  climate"  to  the  ocean  sciences  effort  in  particular? 

Dr.  Knapp.  Yes;  I  believe  we  are.  Let  me  explain  the  the  appar- 
ently low  increase  in  the  ocean  sciences.  If  the  total  funds  for 
oceanographic  research  and  ocean  drilling  are  summed,  the  in- 
crease for  ocean  drilling  and  ocean  sciences  is  17  or  18  percent.  The 
intent  was  to  include  ocean  drilling  within  the  ocean  sciences  and 
4)rovide  an  increase  about  level  with  the  increase  received  by  the 
rest  of  the  Foundation. 

Mr.  Walgren.  Well,  thank  you  very  much,  Dr.  Knapp.  There  is 
an  infinite  area  there  to  cover,  and  we  will  be  interested  in  devel- 
oping bits  and  pieces  of  tho^^  areas  with  you  because  the  commit- 
tee is  genuinely  concerned  with  those  areas.  I  know  particular 
members  ^ave  followed  some  of  those  programs  more  closely  than 
others  and  more  closely  than  I  have.  So  we  look  forward  to  getting 
your  additional  views,  in  writing. 

We  appreciate  your  coming  today  very  much  to  talk  about  this 
area. 

Dr.  Knapp.  Thank  you,  Mr.  Chairman. 
Mr.  Walgksn.  Thank  you. 

Next  is  the  panel  on  oceanography  and  ocean  drilling,  with  Dr. 
Charles  Drake,  chairman  of  the  Ad  Hoc  Advisory  Group  on  Crustal 
Studies,  Dr.  William  Nierenber^,  the  director  of  the  Scripps  Insti- 
tute of  Oceanography,  and  Dr.  Derek  Spencer,  associate  director  for 
research  at  Woods  Hole  Oceanographic  Institution. 

Your  written  statements  will  be  made  part  of  the  record.  Please 
summarize  in  some  way,  if  you  can.  We  are  running  late,  and  I 
apol(^ize  for  that*  Please  proceed,  and  we  will  be  most  interested 
in  the  light  you  have  to  shed  on  this  area. 

We  will  start  with  Dr.  Drake. 

STATEMENT  OF  Dlt.  OiAULES  L.  DRAKE,  CHAIRMAN.  AD  HOC  4J>- 
VISORY  CROtP  ON  CRUSTAL  STUDIES.  NATIONAL  SCIENCE 
FOUNDATION 

Dr.  Drake.  Thank  you,  Mr.  Chairman.  I  will  abbreviate  the  com- 
ments that  you  have  in  written  form* 

I  was  chairman  of  an  ad  hoc  committee  which  w.  asked  by  the 
National  Science  Foundation  to  review  plantj  for  ocean  scientific 
drilling  in  the  context  of  crustal  studies.  Now*  putting  ocean  drill- 
ing in  the  context  of  crustal  studies  is  logical  because  the  crust  of 
the  Earth  extends  beneath  the  waters  of  the  ocean,  as  well  as  be- 
neath the  surface  of  the  land.  Much  of  the  land  surface  is  created 
by  processes  that  take  place  in  the  ocean. 

In  many  ways,  ocean  drilling  has  more  in  common  with  geology 
on  land  than  it  does  with  other  asptjcts  of  oceanography.  This  could 
also  be  said  of  marine  geology  and  geophysics,  but  it  makes  some 
sense  to  discuss  these  topics  in  terms  of  oceanography  because 
common  facilities  are  required  to  carry  out  the  investigation. 

Before  I  discuss  the  options  for  ocean  drilling  specifically,  let  me 
s>ixy  jiist  a  few  words  about  crustal  studies  in  general.  Geology  was 
a  descriptive  science  for  many  years  because  no  one  knew  what 
was  there.  Until  you  found  out  what  was  there,  it  was  difficult  to 
devise  theories  that  would  adequately  explain  how  it  got  there  or 
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what  might  heipp^ii  in  the  future.  Over  the  years,  we  have  explored 
the  surfaces  of  the  con  tin  tints  fairly  extensively,  and  we  have  iden- 
tified the  major  features  and  the  gross  properties  of  the  sea  floor 
We  have  not  been  as  successful  in  exploring  the  third  dimension, 
that  of  depth,  until  recer*t  years  because  we  did  not  have  the  tools 
for  detailed  remote  sensing  of  the  subsurface,  nor  did  we  have  the 
funds  to  apply  the  drill, 

in  the  last  decade^  geology  has  focused  more  on  processes,  and 
this  focus  was  given  great  impetus  by  the  development  of  the  plate 
tectonics  modt^U  which  views  the  Earth *s  outer  shell  as  broken  into 
a  large  number  of  very  small  plates  moving  relative  to  each  oiher 
The  edges  of  these  plates  are  marked  by  earthquakes  and  the 
movements  may  be  conveigent,  making  island  arcs  and  mountain 
systems,  such  as  in  Alaska;  divergent^  making  ocean  ridges  like 
those  off  the  Pacific  Northwest,  or  the  plates  may  slide  along  each 
other  as  in  the  San  Andreas  Fault  system  of  California, 

We  are  interested  in  past  processes.  We  explore  to  see  what  they 
have  left  for  us*  and  we  try  to  figure  out  what  they  wen?.  We  are 
mterested  in  present  processes  because  these  not  only  give  us  some 
clues  that  we  can  apply  to  the  past,  but  they  give  us  some  hope  of 
looking  into  the  future  for  predicting.  Prediction  extends  beyond 
the  anticipation  of  future  events.  It  also  includes  the  attempt  to 
predict  world  and  national  energy*  mineral^  and  environmental  re- 
sources. 

If  we  are  to  respond  to  the  intellectual  challenge  of  finding  out 
how  the  Earth  works  and  to  the  societal  need  for  better  informa- 
tion about  the  Earth,  we  will  have  to  learn  a  great  deal  about  the 
Earth  processes  and  their  rates.  We  will  need  to  examine  the  Earth 
in  depth.  We  will  have  to  probe  the  deep  interior,  which  is  the 
source  of  the  heat  which  drives  the  processes.  We  will  need  to  un- 
derstand, as  Captain  Cousteau  said,  the  interfaces^  the  transitions 
from  one  to  the  otner. 

The  drill  is  just  the  tool»  but  it  is  a  tool  that  can  make  important 
contributions  to  this  understanding.  It  would  be  a  very  expensive 
tool  to  use  for  primary  exploration^  but  it  Uiay  well  be  the  only  tcol 
that  can  be  used  for  confirmation  or  rejection  of  models  developed 
from  geological  geophysical^  or  geochemical  investigation  It  can 
clarify  many  un certain ties»  and  it  can  reveal  many  surprises  Sci- 
entific ocean  drilling  provided  the  confirmation  for  *he  model  of 
formation  of  the  ocean  crust  from  sea  floor  spreading*  a  model  that 
was  suggested  by  geophysical  measurements, 

Drilhng  demonstratea  the  presence  of  salt  domes  and  hydrocar 
bon^  in  the  deepest  part  of  the  Gulf  of  Mexico,  Recent  ultradeep 
drilling  on  land  in  the  Soviet  Union^  on  the  Kola  Penznsula,  has 
reached  11,5  kilometers  a^id  is  planned  for  15  kilometers.  The  tem- 
perature gradients  are  not  at  all  what  one  would  expect  from  shal- 
low, near-surface  measurements.  Geophysical  discontinuities  deter 
mined  from  the  surface  do  not  appear  to  be  reflected  in  the  geology 
at  depths.  Liquids  are  circulating  through  the  rocks  through  its 
entire  depths  although  common  wisdom  would  surest  that  th<? 
pores  should  be  closed  below  10  kilometers.  Sulphide  mineraliza- 
tion  was  found  at  depths  of  over  9.5  kilometers. 

The  drill  has  been  a  particularly  valuable  tool  in  the  oceans  be 
cause  of  their  youth  and  their  exposure  to  fewer  thermal  or  defor 
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jniitiuikil  t  vi^iiU.  riij^  iiii'ttht  Ihal  the  datd  rrum  a  limited  number 
uf  huk*&  could  piuNidv  <uLswti\s  tu  qut*btiuni>  over  a  bruad  area.  As 
the  prograrii  ht»&  m^jturud*  njurc  dt^t*jihfd  quebtiun^  can  be  abked 
and  answered. 

Ocean  drilling  ha&  been  a  scientific  prugram  from  the  beginning, 
but  tht*ru  has  been  a  tunt^tanl  effurt  to  adapt  new  tools  to  provide 
new  and  better  infurmatiuu.  We  can  nvv^  reenter  holes  to  probe 
mure  deeply*  and  can  instrument  holeb  for  in  situ  meas- 
urementij.  The  hydraulic  pit>tun  corer*  which  wab  introduced  in 
107;3.  and  the  recently  introduced  extending-cure  barrel  allow  as  to 
recu\er  undisturbed  samples  so  that  the  history  of  the  ocean  basins 
or  the  circulation  of  ocean  waters  and  of  the  climate  above  the 
oct'an  surface  can  better  be  determined. 

Thebe  "ndisturbed  samples  have  Uiken  un  a  ne\v  significance  in 
the  last  t^w  years*  following  the  suggestion  that  large  extraterres- 
trial bodies  have  impacted  the  Earth,  causing  massive  extinctions 
of  life  forms  and  replacement  of  these  by  new  life  forqis.  that  evo- 
lution of  life  may  be  punctuated  rather  than  gradual^  that  we  may 
be  dtMling  with  the  survival  of  the  luckiest  rather  than  the  surviv- 
al of  the  fittest. 

A  continuous  marine  sequence  can  obviously  be  found  only  in 
the  oceans.  Sedimentation  rates  are  slow,  on  the  order  of  a  few 
centimeters  per  thous^ind  years,  and  the  new  tools  provide  the  time 
resolution  nece.s.sary  to  identify  events.  Tht  previously  drilled  low- 
time-resolution  holes  tell  us  where  to  go  ta  an^:wer  specific  ques- 
tions. 

.  Now  let  me  turn  to  the  platform  fur  scientific  ocean  drilling.  The 
ad  hoc  committee  I  chaired  was  looking  at  scientific  ocean  drilling 
in  the  context  of  crustal  studies*  and  the  committee  consisted  of  a 
broad  mix  of  geologists,  geophysicist^*  and  geochemists*  and  ocean^ 
ographers  from  academia  and  industr>.  We  are  fortunate  to  have 
as  a  member  Dr.  Eugen  Seir  di  who  15  president  of  the  Deutsche 
Furschungsgemeinschaftt  which  is  the  West  German  et^uivalent  of 
NSF,  and  is  currently  president  of  the  International  Union  of  Geo- 
logical Sciences.  lie  was  ver)  helpful  in  conveyin^j  European  atti- 
tudes toward  scientific  drilling  to  us.  The  committee  was  unani^ 
mous  in  agreeing  that  the  potential  of  the  drill  for  providing  sig 
nificant  answers  to  important  scientific,  questions  remains  very 
high  and  that  the  program  should  be  continued. 

Turning  to  the  platform*  three  options  were  considered.  The  first 
wa^  to  Convert  Clymar  Explorer  from  her  present  configuration  to 
one  more  appropriate  lur  scientific  ocean  drilling.  This  was  the  pre- 
ferred option  when  the  ocean  margin  drilling  program  was  under 
cx)nsjderation,  because  Explvrer  was  large  enough  to  carry  and 
handle  the  nser  necessary  for  drilling  controlled  holes  in  water 
depths  greater  than  10,000  feet.  It  was  considerably  larger  than 
Challenger*  It  would  provide  more  laboratory  space  and  could  carry 
mure  participants.  Its  better  seakeeping  qualities  would  allow  it  to 
operate  in  higher  latitudes.  It  did  have  the  disadvantage  that  it 
could  not  pass  through  the  Panarna  Canal. 

However*  the  ocean  margin  drilling  program  hfis  been  dropped^ 
and  even  without  the  riocr  converbionj  the  conversion  cobts  would 
come  to  the  order  of  $100  million.  Given  these  heavy  costs  and  in 
the  context  of  budget  projections  presented  by  NSF*  the  committee 
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wab  undnimuu»i  iit  lU  uj>ik  >ii  ihut  th<j  Explyyer  vtai>  not  the  appro- 
priate platfurm  lur  cuntmuatiijn  ufucean  drilling  at  thib  time. 

Xext  theN<pmmitteti  Ounbidt^red  Challt*^^cr.  Challenger  hai>  been 
in  service  binSfe  HSti^.  If  ishe  were  to  continue  in  service,  even  lt>r  a 
IV^w  >earb*  she  wuutd  reijuire  overhaul  and  refit.  Even  with  this 
rffit*  bhe  vvuuld  be  a  \eteran  \eh4)el  and  cun^5iderabl>  behind  the 
slate  the  art  modern  drillin^^  \ebbelb.  Challenger  is  fully  uti- 
lised at  present*  and  it  wuuld  be  difTicutt  to  find  dddilional  labora- 
tory ur  Ining  space  aboard  her  This  uptiun  could  be  fulluwed  if  no 
other  were  available*  but  it  has  clear  limitations. 

Present  conditions  in  the  petroleum  industry  have  produced  a 
third  "ptiun.  There  an#,  at  present,  four  to  six  modern,  dynamically 
pusUiijned,  cummen^ial  drilling  \esseU  with  the  capability  of  carry- 
ing; out  scientific  ocean  drilling.  Because  of  the  vi^eakness  in  the 
market  fur  uffiihore -drillin^f  rigs*  il  apiK^ars  that  a  vessel  of  this 
type  could  be  a\aildble  at  this  time  on  very  fa\urable  terms.  I 
stress  "at  this^  time  *  because  there  is  no  guarantee  that  the 
demand  for  thi*  limited  numbet  of  vessels  will  not  change  in 
coming  months. 

The^e  \esselij  ha\e  more  space*  permitting  larger  laboratories 
and  more  participants.  They  ha\e  greater  seakeeping  ability  than 
Chalkng!cr,  arc  more  mudern,  and  can  handle  a  longer  drill  string. 
Mureo\ert  they  Can  handle  risers  in  water  depths  up  to  G,000  feet. 
Our  committee  felt  that  this  option,  not  available  earlier*  was  the 
must  desirable  for  continuation  oi  scientific  ocean  drilling.  I  was 
gratified  to  hear  that  the  chairman  of  the  Conference  on  Scientific 
Ocean  Drilling,  which  preisented  in  detail  the  rationale  for  continu 
ing  drilling  in  1081,  found  this  option  to  be  very  attractive  and 
nuted  that  it  could  pro\ide  the  means  for  carrying  out  almost  ev^ 
erythjng  suggested  in  the  repurt.  In  addition,  the  chairman  of  the 
Joint  Oceanugraphic  Institutions'  board  of  governors  has  alsu  v^^rit- 
len  to  indicate  the  support  of  the  joint  institutions  for  this  option. 

Finally*  I  return  to  the  budget  context  in  which  this  recommen- 
dation wab  made.  This  is  not  an  inexpensi\-e  program^  and  there 
are  other  initiatives  in  tht.  Earth  and  ocean  sciences  that  are 
timely  and  in  ^hich  the  opportunities  and  challenges  are  great. 
The  international  phase  of  ocean  drilling  ha^5  been  a  classic  exam- 
ple of  fruitful  international  cooperation,  and  a  number  of  countries 
have  participated  scientifically  and  ha\e  contributed  financially  to 
the  program.  No  contributions  were  sought  for  1081  because  of  the 
uncertainties  about  the  future  direction  of  scientific  ocean  drilling} 
so  NSF  budgeted  the  full  cost. 

In  order  to  be  able  to  respond  to  other  initiatives  in  Earth  and 
ocean  sciences  within  the  total  budget  presented,  the  committee 
svas  of  t^e  opinion  that  it  should  be  a  goal  of  the  ocean  scientific 
drilling  program  to  obtain  at  least  half  of  the  total  funds  required 
trom  foreign  participants*  Dr.  Seibold,  who  is  close  to  the  European 
Community*  afid  through  his  position  in  the  International  Union  of 
lieoloKical  Sciencc'b*  the  world  geological  community,  did  not  think 
this  goal  wai>  unrt;=asonabIe.  It  may  be  difficult  to  accomplish  this 
in  1984.  but  it  should  be  achievable  in  future  years. 

TJhank  you. 

(The  prepared  statement  of  Dr.  Drake  follows:) 
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STATEMEHT 
by 

T>t^  Charles  Drake 
Dartmouth  College 
Hanover,  H&v  Elampshlre 

Hy  ndtoe  is  Charles  Dr^ke,    I  am  Professor  of  Earth  Scijences 

at  Dartmouth  College,    I  am  currently  on  the  Ocean  Science  and 

policy  Board  of  HPC  and  am  President-elect  of  the  American 

Geophysical  Union,    I  was  on  the  Science  Advisory  C6nimitt6e  o£ 

t 

the  Ocean  Margins  Drilling  proaram  and  the  Ocean  Margin  Drillin9 
Advisory  Panel  of  ota.    I  was  on  the  Planning  CoJiwnittee  of  jojdeS 
from  1964-1966  and  was  its  Chairman  from  1966-1968  when  Deep  Sea 
Driilinq  began*    Most  recently  I  was  Chairman  of  an  Ad  Hoc 
CowmittQe  aslce*^by  KSF  to  review  plans  for  ocean  sciftntiflc 
drilling  in  the  conte)«t  of  crustaX  studies, 

t 

I  thank  you  for  the  <wPPortunity  to  speak  to  the  Subcommittee 
on  the  sub;lect  of  basic  research  in  oceanography^i    since  my 
hackgrotind  is  in  geology  ^nd  ^leophysics*  I^will  restrict  my 
comments  to  these  areas  and  will  depend  upon  :ny  c<?lleagues,  Dr, 
Hierenberg  and  Dr,  Spencer  to  covet  other  asPects  of  oceanography, 
T  will  sPeak  to  options  for  scientific  drilling  in  the  oceans  as 
well*    Ocean  drilling  ts  logically  considered  in  the  QQTt^%t  ol 
crustal  studies  because  the  crust  of  the  Catth  extends  beneath 
the  waters  of  the  ocean  as  well  as  beneath  the  surface  of  the 
land,    Huch  of  the  land  surface  i/as  created  by  processes  taking 
place  in  the  oceans*    In  many  ways  ocean  drilling  has  more  in 
common  with  geology  on  land  than  it  does  with  other  aspcts  of 
oceanography*    The  same  could  be  said  for  marine  geology  and 
geophysicsf  but  it  makes  &ense  to  consider  these  topics  in  terms 
of  oceanography  because  common  facilities  are  required  to  carry 
out  the  investigations. 
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Before  I  discuss  tbf^  o(>tlO[LS  for  ocean  drilling  fipecl*' 
fxcdllyf  let  nie  say  a  few  bOrds  about  crustal  studies  In  general* 
Geology  was  a  descripti^^e  science  tot  ntany  yearsr  until  one  knetf 
what  was  thfir^*  it  was  difficult  to  der^lse  theories  that  wotild 
Adequately  explain  how  it  got  ther^  ot  wha^  mlqht  haPPen  In  the 
future*    Over  the  y^acs  we  hav^  ejcplored  the  surfaces  of  the 
continents  fairly  extensi^^ely f  although  it  is  surprising  how 
little  we  know  ahout  so:ne  areas*  ^ven  In  the  (Jnlted  States*  He 
identified  the  major  features  and  the  gro^s  properties  of  the  sea 
floor*    Ke  have  not  been  as  successful  ii^  e)«plorlng  the  third 
dimension^  that  of  depth*  in  an^  detail  because  we  did  not'j  until 
recent  yeatur  t>dve  the  tools  for  detailed  remote  sensing  of  %he 
subsurface*  nor  ^id  ve  have  the  funds  to  apply  V^e  drill*  Only 
in  regions  of  ditect  econoiriic  l;nportancef  developed  joining  areas 
ot  well  drilled  sedi^^entary  basins*  do  we  have  detailed  tin- 
derstanding  of  the  rocks  beneath  the  surface*    As  examples  o^  the 
uncertainties^  one  coald  cite  the  recent  Beaufort  Sea  lease  sale 
in  which  o^^^  major  ccnpany  bid  227  ntillion  dollars  for  a 
particular  Mock  arvl  another*  equally  contpetent*  bid  ^  million* 
Estimates  of  the  total  oil  reserves  of  the  country  using  the  best 
available}  models  vent  front  ^  billion  barrels  in  1922  to  between 
145-^200  billion  barrels  in  1956*  up  to  almost  600  billion  barrels 
in  1960*  to  something  less  than  200  billion  barrels  toctay* 

This  should  not  be  construed  to  ntean  that  there  ^re  vast* 
tjntapt>e^  supplies  of  hydrocarbons  lurking  Inside  the  Barth 
waiting  to  be  fouivdt  rather  It  should  be  taken  as  an  ^ndlcai^  n 
that  we  don't  know  whether  there  are  or  not*    To  be  able  to  make 
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bettf^r  9StLniato{>'        nood  better  modol^i  to  produce  these  models, 
we  mufit  aPPly  the  tools  of  geolo*gy,  Geochemistry*  and  geophysics 
to  the  Eacth^aod  we  must  test  thes^  models  with  the  drill* 

In  recent  years,  geology  has  focus^ed  nore  oti  processes* 
This  focus  vas  given  great  imPetus  by  the  development  of  the 
plate  tectonics  model  which  views  t-,he  earth*s  outer  shell 
broken  into  ^  small  number  tiff  srerv  large  plates  moving  relative 
to  each  other.    The  edges  of  these  plates  ace  marked  by 
ear thquctkt;^  and  the  movements  may  t>e  convergent*  making  mountain 
systemsi  divec^enti  making  ocean  ridge&i  oc  the  Plates  may  slide 
along  each  other  as  in  the  San  Andreas  fault  systeiti  of  ' 
California.    Consrer9ent  margiris  are  ej^posed  alonG  the  edges  ^f 
contin  n^Sr  as  in  Alaska  ot  off  w'ashington  and  Oregon  and 
associated  with  the^e  areas  ate  earthquakes!  volcanoes  such  as 

St.  Helens;  and  processes  which  concentrate  nietallic 
elements*    Diver^rent  niargins  ^ce  exposed  in  the  Gorda  and  Jiian  de 
Puca  tidges  off  Oreqon  and  Washington  and  these  have  stirred 
recent  interest  because  of  the  pol/metallic  sulphide  deposits 
that  are  forming  along  their  axes  at  rates  fat  faster  than  might 
have  been  estmated  fcorr  study  of  similar  deposits  now  on  land* 
Tfte  Eastern  and  <5ulf  Coasts  of  the  United  States^  appear  to  have 
been  formed  by  thxs  Plate  divergence  in  the  past.  Sliding 
margins  are  exposed  in  California  and  associated  with  these  ate  ^ 
the  geothermal  resources  of  the  Salton  Sea  area*  where  active 
minecaliiatlon  Is  also  taJting  placei  as  well  as  major  destructive 
earthquakes;  and  major  oil  fieldc 

We  ate  interested  in  past  processes;  we  explore  to  see  what 
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they  hav<>  left  lot  us  and       try  to  figure  out  vhat  they  vere* 
We  .are  Interested  in  present  processes*  because  these  not  only 
give  us  some  clues  that  we  can  ^pply  to  the  past*  they  give  us 
soiae  hope  of  looking  into  the  future;  of  predicting.  Prediction 
extends  beyond  anticipation  of  future  events*  it  also  includes 
the  attempt  to  predict  world  and  national  energy*  minerals  and 
envtroomental  resources.^  If  we  are  to  respond  to  the  in- 
tellectual challenge  of  finding  out  h^  the  Earth  works  and  to 
the  societal  i^^ed  for  better  information  abojt  the  Earthy  we  will 
have  to  learn  a  great  deal  more  about  Earth  processes  and  their 
rateSf  we  vill  need  to  examine  the  Earth  in  depth,  we  will  h^ve 
to  probe  the  deep  interior  vhich  is  the  coarse  of  the  heat  which 
o*rives  the  processes^    irie  cannot  do  this  only  on  the  land  or  only 
in  the  oceans*  or  only  in  the  deep  int^rior^  Vfe  need  to  look  at 
all  of  these,  and  the  transition  tones  between  therci  as*  for 
example,  the  regions  in  which  the  continents  and  the  oceans  meet^ 

The  drill  Is  b'Jt  a  tool*  it  would  be  a  very  Expensive  tool 
to  use  for  priniary  exploration*  but  it  may  well  be  the  only  tool 
that  can  be  os^d  for  conf  ir:natlon  or  re;iection  of  models 
developed  front  geological  *  geoPhysicalf  or  geo<^emical 
investigations.    It  can  clarify  many  uncertainties,  and  it  can 
reveal  many  surprises.  Scientific  ocean  drilling  provided  the 
confimmtion  for  the  model  of  formation  of  the  ocean  crust  by 
seafloor  sprea<ling  from  ocean  ridgeSf  a  model  suqgested  from 
geophysical  measurements.  Drilling  demonstrated  the  presence  of 
salt  <)omes  and  hydrocarbons  in  the  deePest  parts  of  the  Gulf  of 
Mexico.    Recent  ultr^-deep  drilling  into  the  basement  rocks  of 
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the  Kolo  Peninsula  of  the  Soviet  Onion  has  reached  11.5  ^ 
kilometers  and  is  planned  for  15  kilometers «    The  temperature 
gradients  ^re  not  at  all  what  one  would  exPect  frowi  shallow 
nearsurface  measurements';  geophysical  discontinuities  determined 
fCom  the  surface  do  not  appear  to  be  reflected  'in  the  geology  at 
depthr  liquids  are  circulating  through  the  rocks- through  its 
entire  d'epth  although  common  wisdom  ^uld  Suggest  that  the  Pores 
should       closed  below  10  kilometers;  sulphide  mineralization  was 
found  at  depths  of  over  9-5  Jcilometers* 

When  scientific  drilling  in  the  deep  ocean  be9an# 
provided  immediate  answers  to  broad  scale  questions  raised  by 
geological  and  qeophysical  investigations  that  could  not  be'-'' 
answered  in  any  other  w^yi*    as  was  the  case  with  the  Kola 
Peninsula  hole,  the  dril2>±ng  also  raised  many  questions  since  the 
cores  revealed  Phenomena  that  had  not  been  susp^^cted.    The  drill 
was  a  Particularly  valuable  tool  in  the  oceans  because  their 
youtH  and  thei  -  (i»ore  limited  e)«posure  to  fewer  thermal  ^r 
deformational  events  meant  that  the  data  from  ^  limited  number  of 
holes  could  provide  ansvr'er!>  io  question?  ovet  a  broad  area,  As 
the  program  was  matured*  more  detailed  questions  can  be  asJced  of 
/     the  drill  cores  and  tools  can  be  placed  in  the  bcreholes  to  make  t 
measurements  of  activ^  processes* 

Ocean  drilling  has  been  *  scientific  program  from  the 
beginning^  but  there  has  been  ^  constant  effort  to  adapt  new 
tools  to  provide  new  and  better  information*    We  can  now  reenter 
holes  to  prohe  more  deeply  and  we  can  place  instruments  in  the 
holes  for  in  situ  measurements.    The  Hydraulic  Piston  Corer# 
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first  osea  in  1979*  ^nd  Its  recent  improvement,  the  Bxtenaing 
Core  Barrel*  allow  undisturbed  samples  to  be  recov^ed  so  that 
the  history  pf  th^  oce^n  basins*  of  circulation  of  the  ocean 
waters*  and  of  the  climate  Above  the  ocean  surface  can  be  better 
determinedly    Tt.  se  undisturbed  sar.ples  have  taken  on  a  new 
Significance  In  the  last  few  ye^rs  following  the  suggestions  that 
large  extraterrestrial  bodies  have  impacted  the  Earth*  causing 
massive  e)«tinctions  of  life  forme  and  the  replacement  of  these  by 
netf  life  forms;  that  evol^tir^n  of  life  may  be  punctuated*  rather 
than  gradual;  that  we  may  be  ftealin'l  with  the  survival  of  the- 
luckiest*  rather  lihan  the  survival  of  the  fittest. 

There  is  an  abundance  of  life  In  the  near  surface  water^  of 
the  ocl^^i^  and  ^evidence  of  this  life       found  ii^  the  sediments  in 
the  form  of  shells  or  tests       microscopic  plants  and  animals. 
Only  in  the  sea  can  the  marine  record  of  Earth  history  be 
recorded  continuously.    This  record*  is  drawn  on  very  thin  pages; 
sedin^^ion  rates  ^te  very  slow  "  on  the  order  of  centimeter  or  so 
per  thousand  years*    with  ordinary  rotary  drilling    and  coring* 
the,  record  is  disturbed  and  the  time  resolution  may  be  limited 
to  several  hundred  thousand  years.    This  resolution  is  sufficient 
to  fill  in  the  history  of  the  Earth  in  broad  strokes*  and  with  a 
low  density  sampling  scheme.    How  ^e  have  sufficient  information 
in  hand  to  to  target  precisely  which  areas  to  drill  to  answer 
specific  Questions  using  the  Hydraulic  Piston  Corer  and  the 
E)«tended  Cote  Banal,    An  Important  opportunity  wo^ild  be  lost  If 
ocean  scientific  drilling  were  to  be  terminated, 

SPfciCic  studies  of  sea  floor  Processes*  such  as  those 
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acting  alonq  continental  margins  s^ich  as  the  Aleutians*  or  those 
on  ridges  like  the  G^)rda-Juan  de  Fuca  system  off  the  Pacific 
northwestf  will  require  problem  i3efinitioii         site  exainination 
prior  to  drilling  using  surf^ace  vessels^  deep*towed  sensors*  and 
even  subircrs^ihles*    Ar  as  of  Interest  hi^ve  been  identified*  but 
additional  infortnation  be  necessary  before  the  drill  Ig. 

conunitted*         these  Areas  it  will  be  important  not  onlV  to 
recover  cores*  h\it  also*  if  we  are  to  understand  the  nature  of 
the  processes*  to  make  downhole  measurements, 

NOW*  let  me  turn  to'  the  platform  for  scientific  ocean 
drilling.    The  Ad  hoc  Committee  I  chai^red  was  looking  at/ 
scientific  ocean  drilling  -in  the  context  of  crustaL  studies  Jnd 
the  committee  consisted  of  a  broad  n;i)«  of  Qeologists* 
geor^V^&iCJ.st*^ *  o^ochemists  an<j  oceonog raphe rs  from  academic  and 
industry*    We  were  fortunate  to  have  as  a  member  Dr^i  Cuoen 
Seibold*  Ptesidentvof  the  Deutsche  Fur^ohungsgemeinschaf t *  the 
west  German  equivalent  of  ^ISF**  and  currently  Pres^ident  of  the 
Int^jationaJ  union  of  Cec^logical  SC^jprni&s*  who  was  very  helpful 
in  conveying  European  attitudes  towards  scier*tific  ocean  drilling 
to  us^  Th<y  committee  was  unanimous  in  agreeing  that  the 
potential  fcfr  the  drill  to  provide  significant  an^we^re  to 
important  s^cientific  Questions  remains  very  hi<Th  and  that  the 
program)  should  be  continued. 

Turning  to  the  platform*  three  options  were  considered.  The 
first  was  to  convert  GLOKAR  ICXPLORER  from  her  present 
configuration  to  one  more  appropriate  for  scientific  'ocean 
drilling.    This  was  the  preferred  option  when  the  Ocean  Margin 
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Drilling  vas  uOiJer  consideration,  ^cause  BXE^LORER  was 

large  eooo^h  to  c^rrv  and  handle  the  riser  necessary  far  drilling 
controlled  holes  in  water  depths  greater  than  10^000  feet>  It 
/was  larger  than  ClJALLEWCERr  it  vCuld  provide  more  laboratory 
space  and  cojld  carry  more  participants  and  its  better  seake^ping 
qualities  would  allow  it  to  operate  in  hiqher  "latttgdes*     It  ^id 
have  thd  disadvantage  that  it  coiild  aot  pass  through  the  Panama 
Canal>    If  the  Ocean  Mar<1in  DrilZin<l  Program  were  still  under 
consideration^  w'lth  its  re*.juK^^'(^ent  for  drilling  tl. rough  the 
thick  sedimentary  ccver  c>f  Atlantic-type  continental  margins* 
EXPLORER  would  be  the. most  attractive  option.  However* 
withdrawal  of  industc*ial  Participation  made  riser  cost 
Prohibitive  anJ  even  con^^^^sion  without  the  riser  would  require 
front  end  costs  ojf^the  order  of  100  rtiillion  dollars*    Given  these 
heavy  costs  anJ  .in  the  c.  ntext  of  tTu<?'Tet  projections  presented  by 
MSF*  the  committee  was  unanimous  i^^  its  opinion  that  the  EXPLORER 
wa^  not  the  appropriate  platform  for  continuation  of  ocean 
drilling  at  this  t).ne> 

Next- the  co.Timittee  considered  CHALLBtiGER*    ChaLLBNGER  has 
bften  io  service  since  196Sj  if  she  were  to  continue  in  serv 
even  for  a  few  year^t*  she  would  require  overhaul  and  refit>  £V;en 
with  this  refitt  she  would  be  a  ^/^teran  vessel  and  considerably 
behind  the  stai^  o^  the  att  of  rtiodern  drilling  vessels* 
CHALLEtibnt  is  fully  utilized  at  present  and  it  wagld  bfr  difficult 
to  find  additional  laboratory  or  living  space  aboard  her*  This 
option  could  be  followed  if  no  other  were  available*  bgt  it  has 
clear  Itjnitations.  ' 
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Present  con<J*tions  to  the  petroleum  industry  have  produced  ^ 
third  option*    There  are  at  present  four  to  st)«  modern* 
dynamtcally  positioned'  commercial  drilling  vessels  with  the 
c^apabiX  cy  of  carrying  out  scientific  ocean  driXXing,    Because  of 
the  weakness  In  the  nvarket  for  offshore  driXling  rigs*  It  appears 
that  a  vessel  of  this  type  could  be  available  at  this  time  ot\ 
very  favorable  terms,    I  stress  at  this  time  because  there  is  no 
guarantee  that  the  demand  for  this  limited  number  of  ves^ls  may 
not  change  in  coming  months.    These  vessels  have  more  spac<'f 
permitting  larger  laboratories  and  n^ore  participants;  they  have 
greater  seake^ping  ability  than  CtlALLEtJGER^  are  more  modern*  and 
can  handle  a  longer  drill  string^  b^t  still  can  transit  through 
the  Panama  Canal,    Moreover*  they  can  handle  riser  in  water  ^. 
depths  op  to  $(>00  feet.    Our  committee  felt  that  this  option*  noj 
available  earlier*  was  the  most  desirable  for  continuation  of 
scientific  ocean  drilling,    I  was  .ratified  to  hear  that  the 
-Chairman  of  the  conference  on  Scientific  Ocean  Drilling*  which 
presented  in  detail  the  rationale  for  cont^ued  drill in9*  found 
this  option  to  be  very  attractive  and  noted  that  it  co^^ld  provide 
tne  means  for  carrying  out  almost  everythin^T  suggested  in  this 
report.    The  Chairman  of  the  Board  of  Governors  of  Joint 
Ocea/tographic  Institutions  Inc,  has  also  indicated  that  its  ^'^^ 
member  institutio/is  concur  with  this  recommendation. 
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Finftllyf  1  return  t'O  the  budget  context  In  which  this 
recommendation  was  made«.    This  Is  not  an  inexpensive  prograin  .and 
there  are  other  initiatives  in  the  earth  and  ocean  sciences  that 
are  timely  and  in  which  the  opportunities  and  challenges  ^te 
greatni    the  International  Program  of  ocean  Drilling  has  been  a 
classic  example  of  fruitful  international  cooperation  and  a 
number  of  countries  have  particii>ated  scientifically  and  have 
contributed  financially  to  the  program^i    No  contributions  were 
sought  for  fy  84  because  of  uncertainties  about  the  future 
direction  of  scientific  ocean  drilling  so  KSF  has  budgeted  the 
foil  costal    In  otder  to  be  able  to  respond  to  at  least  soine  of 
these  initiatives  within  the  total  bod<}et  presented*  the 
<v^omDittee  was  of  the  opinion  that  it  should  be  a  goal  of  the 
ocean  scientific  drilling  program  to  obtain  at  least  half  of  the 
total  funds  required  fro-u  foreign  participants.!    pt,  seibold*  who 
is  close  to  the  European  comitijnity  and,  tt\rOkigh  his  position^  in 
iVGSf  the  world  geological  community'  did  not  think  that  this 
goal  was  unreasonable,         would  be  difficult  to  accomplish  in  FY 
84#  hut  it  should  t^e  achievable  in  future  years. 
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— Mr_W-ALuUKW.  TlutJik  >vu  very  much.  Dr.  Drake.  We  will  just 
continue  dvwn  the  line  and  come  back, 
Dr  Nierenberg, 

STATKMKNT  OK  U  ILLIAAl  A,  MERKMiKRG,  DIRECTOR  SCRIPPS 
INSTITUTION  OF  OCEANOGRAPHY 

Dr,  NtEHENnEHG,  Mr,^  Chairman  ond  nat^nibens  of  the  committee, 
when  I  began  as>  director  of  the  Scrippb  Institution  of  Oceanog- 
raphy in  it  was  already  apparent  that  the  oceans  were 
making  a '  miijor  contribution  to  the  world's  food  supply.  The 
commvn  fisheritb  of  tht;  world  were  on  their  wa>  from  an  annual 
catch  of  about  1*>  million  tons  to  nearl>  80  naillion.  On  the  one 
hand,  we  were  beginning  to  learn  a  great  deal  from  the  failure  of 
the  California  t^ardine  fishery,  and  on  the  other,  we  helplessly 
watched  the  Peruvian  ancho\etta  fis^hery  grow  from  essentially 
zero  to  nearly  14  nnillion  tons  before  it  collapsed. 

We  learned  much  from  the  California  failure*  but  we  were 
unabU  to  get  it  transferred  to  the  Peruvian  situation.  We  learned 
that  t^hvrt-timt;  climate  is  primaril>  an  oceanic  phenonaenon,  and 
wc  began  to  develop  the  primitive  capability  of  prediction.  If  I  may 
interpolate*  Mr,  Chairman,  I  am  glad  I  prepared  these  notes  before 
you  naade  vour  earlier  remarks.  We  have  used  the  intervening 
years*  to  exploit  thit;  opening,  and  the  essence  of  my  remarks  in 
this  connection  is  that  we  have  started  what  will  be  a  long  but 
steady  improvement  in  forf^asts. 

The  initial  and  still  imp^^itant  indicators'are  the  anonnalous  sea 
surface  temperatures  vne  finds  in  tBe  north  Pacific.  To  see  what  is 
ahead,  it  is  good  to  review  the  recent  past, 

Nanaias  predicted  the  fateful  drought  in  the  U,S,S,R,  that 
prompted  the  abnormal  Rub&ian  purchase  of  grain  from  the  United 
States  that  in  turn  precipitated  stringent  controls  on  future  grain 
dealb.  This  was  followed  b>  an  abnormally  severe  El  Nino  that  we 
nvw  know  was  not  unrelated.  That  event  triggered  a  total  collapse 
of  the  Peruvian  anchovetta  fishery  that  was  the  principal  fish  meal 
supply  for  mainland  China  and  Japan,  Japan,  in  turn,  tried  to  re- 
place thib  prvtein  with  American  soybeans,  but  Presit',^^nt  Nixon 
felt  compelled  to  embargo  the  crop  becaU6e  of  dangerously  depleted 
corn  and  wheat  reserves  in  this  countr>.  Thi:i  international  contre- 
temps need  not  have  occurred  if  official  Washington  had  paid 
closer  attention  to  Namias'  predictions. 

They  did  so.  however*  in  the  next  miuor  event*  which  was  at  the 
time  of  the  Arabian  oil  embargo.  The  White  House  used  Namias' 
prediction  of  a  somewhat  wanner  than  normal  winter  in  New  Eng- 
land to^refrain  from  issuing  ration  stamps.  The  prediction  held, 
and  a  potentially  bad  situation  was  averted.  It  is  now  standard  pro- 
cedure to  fold  short-range  climate  predictions,  as  poor  as  they  are 
at  present^  into  decisions  on  the  national  and  local  level. 

With  the  improvements  in  research  technology  and,  I  must  add, 
a  new  generation  of  brilliant  oceanographers*  the  future  looks 
promising,  I  do  .  .  i^ee  any  sharp  breakthroughs,  but  a  steady  im- 
provement in  predictive  capability  akin  to  the  impressive  achieve- 
ments in  weather  prediction.  The  effects  on  the  ec:>nomy  are  enor- 
mous. They  are  so  obvious^  I  do  not  t^numerate  thein  here  in  this 
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brief  statement  The  inU^rtialional  implicatiorib  are  yqiJali>  impor- 
tant, particularly  to  tlie  iewijer  developed  countries  vvho  are  far 
more  sensitive  to  periods  of  excessive  drought  or  rainfall. 

The  oceans  are  vast.  Man  does  not  live  on  the  oceans  and  so  data 
comes  hard,  sIow»  und  extremely  variably  ^"Ographically.  Research 
vessels  are  essential  and  must  be  malntamed  for  process  studies, 
ground  truth,  and  subsurface  measurements.  Howevef,  satellite 
oceanography  is  ere,  and  has  proven  its  worth.  It  is  what  is  re- 
quired to  ad'.ance  the  entire  subject  by  orders  of  magnitude  and 
hasten  the  development  of  climate  prediction  in  particular.  My 
own  institution  has  had  a  satellite  ixeanography  installation  in  op^ 
eration  for  3  ^ears  that  has  more  than  demonstrated  tlie  possibili- 
ties Since  it  is  unique,  it  operates  24  Jaours  a  day,  7  days  a  week, 
not  only  for  our  own  physical  and  biological  oi^eanographers,  but 
also  for  training  and  ana]}[sis  by  the  armed  services. 

These  extren.?Iy  promising  probabilitit^^s  are  being  short-circuited 
by  the  lack  of  an  ocean  satellite  system.  Sea  Sat  was  only  oper- 
ational for  99  dajs.  Whatever  ocean  information  is  satellite-derived 
today  comes  only  from  thosfe  designed  for  other  purposes.  I  believe 
that  a  continuous  ocean  satellite  program  is  of  the  highest  priority 
at  this.time,  and  the  failure  to  have  such  an  op^.:  itioii  is  jointly  a 
discredit  to  the  ocean  community  and  the  ocean  :\na  space  bureauc- 
racy of  the  Federal  Government. 

I  couple  the  new  technical  o()port unities  of  improved  instrumen- 
tation, data  management,^  engineering>  and  remote  sensing  with 
theoretical  breakthroughs  in  physical  oceanography  that  are  stand- 
ing by  to  be  fully  exploited.  They  are  two,  specifically.  The  first  is 
the  reir*roduction  of  an  old  idea,  ''two-dimensional  turbulence** 
which  gives  the  first  realistic  picture  of  the  development  of  large* 
scaLe  disturbances  in  geophysical  fluids.^  r 

Th^  second  is  an  extension  of  Lorenz*  seminal  wOrk  on  predicta- 
bility It  is  based  on  the  concepts  of  strange  attractors  and  bifurca- 
tion theory,  both  of  which  have  become  the  rage— perhaps  ovt;r-ex- 
ploited— of  the  study  of  nonlinear  phenomena  exemplified  by 
weather  and  climate. 

Above  all,  we  have  been  training  and  graduating  young  peoplt;  of 
exceptional  ability  wlio  are  at  ease  with  the  new  technology  and 
new  theory.  They  are  fully  capable  of  exploiting  whatever  re* 
sources  we  put  at  their  disposal.  In  the  form  of  salaries,  platforms, 
instruments,  and  advanced  computers.  I  am  confident  we  can  acceU 
erate  our  progress  in  understanding  climate. 

I  have  so  lar  stressed  climate  as  a  primary  problem,  but  there 
are  fundamental  dilTiculties  remaining  with  respect  .  our  under- 
standing of  the  food  chain.  In  too  siniplistic  a  view,  we  held  that  if 
a  climate  change  disrupted  a  major  fisher},  though  the  immediate 
social  consequences  would  be  grave,  the  specific  biota  would  be  re- 
placed by  an,  approximately  equivalent  tonnage,  sirae  the  general 
physical  and  chemical  characteristics  would  be  ih^  same.  This  is 
what  happened  when  the  California  sardine  fisher>  failed,  it  was 
replaced  by  anchovy  fishery  which,  however,  never  reached  full 
maturity  because  of  institutional  inertia. 

This  is  not|  what  happened  in  the  case  of  the  Peruvian  ancho- 
vetta  fishery,,  It  was  not  replaced  by  anything  resembling  Its  ton- 
nage, and  it  l^as  become  a  first-order  mystery.  It  is  important  that 
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this  be  utji  tivvh-d  if  we  an-  to  be  better  prepared  for  what  will  ap- 
parently be  ijjevitdblo  in*yt*r  nictations  in  food  from  the  oceans 

Our  improving  ability  to  deal  with  the  oceans  and  the  corre- 
sponding climate  change  enable  us  to  begin  to  analyze  the  conse- 
tjuenceb  of  some  of  our  gravest  anthropogenically  generated  global 
problem^.  The  prime  example  Is  fossil  fuel  generated  carbon  diox- 
ide. There  are  man>  carbon  dioxide  induced  changes  that  are  possi- 
ble or  probable.  Among  the  more  important  are  regionally  altered 
climate  patterns,  sea  level  increase,  and  direct  effects  of  the  in- 
creased carbon  dioxide  concentration  on  flora. 

The  oceans  play  the  most  vital  role  in  this  process.  First,  they 
are  the  ultimate  sink  of  the  carbon  dioxide  pulse,  and  the  ocean 
dynamics  and  cnemistry  must  be  better  understood  to  deal  with 
this  problem.  Fortunately,  there  is  considerable  ovejlap  in  needed 
ocean  science  for  understanding  both  the  carbon  dioxide  problem 
and  the  climate  change. 

Second,  we  must  be  able  to  pin  down  more  exactly  the  regional 
effects  of  carbon  dioxicfe  induced  climate  chaiige.  The  atmospheric 
modelers '«re  having  modest  success  in  predicting  induced  patterns 
of  changed  precipitation  hydrology,  and  it  is  likely  this  will  im- 
prove since  it  is  largely  computer  limited  at  this  time,  although 
better  parameterization  of  fundamental  processes  is  also  required. 

However,  this  is  not  considered  of  serious  portent  for  the  Onited 
States  b>  most  agricultural  scientists.  Their  consensus  seems  to  be 
that  the  gradualism  ^f  the  climate  alteration  process  will  be  easily 
overcome  b^  the  t5enetic  improvements  they  have  historically  been 
able  to  achieve.  Figureb  like  2  percent  per  annum  increase  in  corn 
yield,  it  is  felt,  will  swamp  gradual  local  climate  changes.  More  se- 
rious is  the  higher-order  problem  of  changes  in  frequency  in  natu- 
ral disasters.  Examples  are  numbers  of  hurricanes  per  season,  fre- 
quency of  dry  year  sequences  in  the  Southwest,  and  frequency  of 
failure  of  monsoons.  Unfort'jnately,  there  is  at  this  time  no  theo- 
retical basis  for  treating  this  class  of  problem. 

Sea  level  rise  is  obviously  an  oceanic  problem.  It  no  longer  seems 
that  the  breakup  of  the  western  Antarctic  ice  sheet,  with  the  corre- 
sponding catastrophic  rise  in  sea  level,  is  at  all  likely.  However,  the 
induced  global  warmir.g  by_  carbon  dioxide  will  result  in  several 
meters  rise  in  sea  level.  This  rise  not  only  results  from  the  melted 
Arctic  and  Anta*x;tic  ice  bat  about  equally  from  the  resultant  ther- 
mal expansion  of  the  upper  layers  of  the  ocean.  This  is  a  serious 
prediction  for  many  lovv-ljring  coastal  areas  of  the  world. 

Before  I  leave  this  subject,  I  must  touch  on  one  aspect  of  it  that 
IS  not  usually  coupled  in  the  same  discussion,  and  that  is  national 
defense  and  world  stability.  I  hold  strongly  to  the  opinion  that  nu- 
clear deterrence  depends  primarily  on  our  submarine  ballistic 
force.  I  also  believe  that  our  submarine  nuclear  force  is  invulnera- 
ble for  the  foreseeable  future.  Nevertheless,  because  of  the  gravity 
of  the  matter,  it  is  '-ital  that  we  know  all  we  can  about  the  physi- 
cal and  chemical  character  of  the  oceans,  particularly  those  related 
to  the  acoustic  properties  upon  which  this  invulnerability  depends 
One  development,  related  to  the  general  class  of  theoretical  break- 
throughs I  referred  to  earlien  is  a  better  understanding  of  oceanic 
mesoscale  eddies,  which  have  profound  significance  for  acoustic 
antisubmarine  warfare. 
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Chart^m^  tin-  .^iibjitl  abrupU}^,  I  ^vould  like  to  add  Just  one  note 
tu  what  m>  euUtitjgue,  Trofcbbur  Draku,  hab  prepared  on  the  subject 

deep  bea  drilling  ^nd  the  rulat^d  marine  geology*  One  unappre- 
ciated aspect  of  the  &tudv  of  marine  sediments  is  the  study  of  an- 
cient chmateb.  It  ib  a  ^u&ject  that  now  has  a  name— paleoclimatO' 
lug>^  We  ube  it  fu*  insightb  to  understanding  current  clinaate.  More 
bpeculative.  but  viith  mure  conventional  economic  possibilities  are 
what  wt  .an  learn  ft^>na  the  proceb^ey  occurring  at  the  continental 
margin^»  Sea  iluur  spreading  >ieldb  a  picture  of  the  oceanic  sedi- 
ments that  reached  the  continents  and  rebuilt  them  from  under- 
neath against  t^e  e**osjori  at  the  surface.  It^s  this  erosion,  in  turn* 
that  forms  the  uce^.wc  sediments  to  make  a  complete*  approximate- 
ly 200  million  year,  cycle.  If  we  understand  these  better,  we  should 
be  able  to  prospect  ior  ores  naore  efficiently. 

Then  there  is  the  polar  ice.  I  mentioned  it  earlier  only  in  terms 
of  something  to  be  fnelted  by  climate  change*  However,  the  polar 
caps  are  an  important  feedback  mechanism  in  terms  of  the  sharp 
Contrast  in  reflectivity  compared  to  the  rest  of  the  globe.  This  feed- 
back mechanism  is  believed  to  be  the  cause  of  ice  ages,  but  in  any 
event  is  a  powerful  amplifying  agent  in  climate  theory* 

Furthwrmure*  coring  of  the  ice  yields  valuable  geochronological 
information  through  the  gases  trapped  by  the  ice.  Among  others, 
we  have  fixed  the  prwindus trial  carbon  dioxide  level  v^^hich,  com- 
bined with  Keeling  s  results,  give  us  a  picture  of  the  inexorable  al- 
teration of  uur  global  environment  through  the  use  of  fossil  fuel. 
We  also  learn  that  methane  was  earlier  nonexistent  in  the  atmos- 
phere. This  Js.important,  because  it  is  one  of  the  many  atmospheric 
gases  of  anthropogenic  origin  v^^hose  sum  total  effect  in  warming 
niay  *^e  equivalent  to  that  of  carbon  dioxide* 

While  discussing  the  Antarctic,  we  recognize  the  unusual  effects 
ot  the  circumpolar  current,  [particularly  in  the  upwelling  leading  to 
the  enoimuus  krill  population.  This  population  is  estimated  as  a 
possible  fishery  that  could  match  the  yield  of  the  rest  of  the  v^^orld's 
Hsheries.  It  is  questionable  whether  this  would  be  an  economic 
source,  but  if  it  were,  very  careful  ecological  examinations  would 
have  to  be  made. 

Thank  you,  Mr.  Chairman. 

(The  prepared  statement  of  Dr.  Nierenberg  follows:] 
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stathmknt  of 

"DIRECTOR,  SCKIPPS  IHSTll^TIOH        OCKWiaGJlAPH V 

COWHITTEE  OtI  SCietlCE  AUD  TECEfHOLOGV 
tf.S«  ElOtfSE  OP  REPK^mATlVHS- 
HMICH  1,  1983 

Ht  t  Ch^innjn  dn()  Mciabcts  of  tb<:  Contnittoof 

I  am  William  ^*  Hicrcob^?tg^  Director  o£  Scriyps  lostitgtioa  ot 

It  1^  alvay^  a  plcasuro  for  ntc  v>  present  my  views  on  ptesont 
and  fotgr^?  oe^?aoo9raPhy  b^?£otQ;  an  interOi>t^?d  AtvA  eonCOriKid  a'udienee. 
I  have  appeared  before  the  Congr^iss  on  an^  off  ^^^^  ovet  £i£tcen 
years  and  huve  seen  o£  the  story  gn£old       wo  had  expeeted* 

the  £utgre  scccus  ^jven  more  exelting  beeauae  of  the  increased 
eaPabLlities  ve  have  developed  to  deal  with  th?  vast  e^p^^nsOft  o£ 
the  oeeans* 

When  I  began  as  Director  o£  the  SeriPps  Institution  of 
Oceanography  in  1965^  it  was  already  apparent  thiit  the  oceatxs  w^?t:e 
inakin?  a  loa^ot  contribution  to  the  world  £ood  soPply*    The  eo;iuiK>n 
fisheries  o£  the  world  wore  on  their  way  from  an  annual  c^^tch  of 
about  £ifteen  million  tons  to  nearly  oighty  oillion  tons*    On  the 
one  hand  we  wl^q  beginning  to  learn  ^  9teat  de^kl  £roin  the  £aLlure 
o£  the  California  sardine  fishery  and  on  the  other  we  h^lple&sly 
watched  the  Peruvian  anchov^?ttit  £ishery  gtou  ttom  essentully  ;:oto 
to  nearly  fourteen  million  tons  before?  it  eollapsed* 

^e  i^arne^]  much  £toa  the  California  failure  but       uere  unable 
to  g^t  It  trans£errcd  to  the  Poruvian  situation*         learned  that 
short  term  elimate  is  Prinurlly  an  oeeanie  ptiOnOmenon  and  we  be^an 
to  develop  ^  Ptinitive  capability  of  Ptedletion*    We  hav?  used  the 
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ircnarks  in  this  connection  i$  th^t  wo  have  st^i:i.ed  vhat  will  bo  a 
lon^  but  9t<^ady  in(ii:ovcnent  in  foirccasta* 

The  initial  jnd  gtilt  impoctunt  incJic^tocs  are  the  nanomalogs 
soa  aycfac^'  teniPetatgccs  o«e  fim]s  in  th<?  North  Pacific*    To  see 
what  IS  ahe4^3  H  is  good  to  review  the  recent  Past* 

tJ^rtiiaS  Predicted  the  Eateful  drought  in  the  USSA  thdt  PtoiaPtcd 
the  abnormal  Ri^ssian  puirch^ir^e  of  grain  froia  the  Unit(*d  States  ^^^t 
precipitated  stringent  controls  on  Egtute  deals*    This  was  followed 
by  An  abnormally  severe  "^'^  Hino"  that  wo  now  know  w^s  not  unrol^tod* 
That  event  triggered  a  tot^t  collapse  of  the  Peru 'ii^n  iinchovetta 
fishei:y  that  was  the  Principal  fish  meal  supply  for  mainland  Chi^ia 
and  J^pAn*    Japanr  in  ttjrnr  tried  to  replace  this  Protein  wi^ 
Araerican  soy  beanSr  but  President  Nixon  felt  eorapelled  to  embargo 
bhe  crop  because  of  dangerously  depleted  t:orn  and  wheat  ctops* 
This  international  contreten^ps  need  not  have  occurred  if  official 
Washington  had  paid  closer  attention  to  Nani/t^'  predictions* 

They  did  sor  howcvetr  in  the  next  ti^jot  event  which  was  at  the 
titfie  of  the  Arabian  oil  omb^tgo*    The  ^hite  [touse  used  Namias' 
ptodictij^n  of  d  somewhat  watmer  wintot  in  Mew  England  to  refrain 
from  issuing  tation  st^tmps^    Th^  prediction  held  and  ^  Potentially 
bad  situation  was  averted*    It  is  now  stand^xtd  pi:oeedui:e  to  fold 
short  tan^e  clinate  ptodictionsr  as  Poor  as  they  ate  at  ptesentr 
into  decisions  on  the  national  i>nd  local  level* 

With  the  iraptovements  in  tssearch  teehnoloay  ancl#  1  must  add* 
a  new  generation  of  btilliant  ocoano9rJt[>hei:s  r  the  futui:e  looks 
promi<;ing*    I  do  not  oe^*  any  sharp  breakthroughs i  but  a  steady 
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irvPtoveni^jtit  iti  iJi^Jicti^^o  tjiMl>iUT/ ^^(uuT  ttJ~tlic"  Impressive  — 
odiievcjncijts  \n  J^cjth^r  PrcOictioij.    The  oflccts        tho  cooijoia/ 
*tr(*  cijorn^iiS*    ^JThcy  otc  so  obvious  I  0\?  oot  efnimeraU*  thca  hctc 

xapottantt  p<ktt4CulAtiy  to  tho  lo^^cr  d<:^/clot><.'il  co^nt^  xC£>  who  oto 
far  norc  sen^itxvrc  to  pcriot!^  of  c)«cc&3ivc  tltougliL  or  roxnfdlL. 

Tho  occanfi  ore  vAfi.    tlan  not  l^vo  on  the  occoijs  oijd  so 

d(it<k  comes  bordf  Blo\t  and  cxtrcmoly  vrariably  JcogK^phically. 
Research  vessels  ate  ossontiol  ond  mu^t  be  n^xntained  for  Process 
studxesf  "ground  truth"  and  £>^bsur£ace  noasurertients.  llovevCKf 
satellite  oceanography  is  here  an<l  has  proven  its  worth.    It  is 
what  xs  required  to  advrancc  the  entire  subject  by  orders  ot  magnitude 

r 

and  hasten  the  development  o£  clxiaate  prediction  in  particular. 

own  in&txtutLOn  hai*'had  a  satellite  oceanography  installation  xn 
operation  for  three  years  that  has  moKe  than  demonstrated  th^'  possi- 
bilities.    Since  it        unique/  itoper^ites  twenty  C(>ur  houts  a  dayt 
seven  days  a  week  mot  only  £ot  our  own  physical  ^nd  bxological 
c>cean09taphers  but  also  itft  training  and  analysis  by  the  armed 
servrices. 

These  exttemely  Ptomi^ing  probabilities  are  bcxng  short* 
c^reuitcd  by  the  laeV:  of  an  ocean  satellite  system.    Sea  Sat  uaa 
only  operational  tot  ninety-ninc  Jays^    Hfhateyjr  ocean  x nfovnatjipn 
is  "satellite-derived"  today  comes  only  fry&j^  those  designed  £or  . 
other  purposes.     I  believe  that  a  contxriiiooB  occt^n  satellite  prog):aci 
xs  of  the  highest  priority  at  this  ^xtfvt  and  the  failuto  to  have 
such  an  oooratxon  xa  joxntly  a  di£»credit  to  the  oeean  Conmunlt>  and 
the  ocean  aod  sPace  bureaucracy  of  tho  federal  Government. 
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ncnti^tionf  dut^  fnanagoncnt/  cn^^nG^iriiig  tiad  rcra&tc  :iCnsin<j  with 
theoFGtiCi^l  bl^GdkthrOughs  m  physlgal  OCGano9raphy  that  aro  <;t<kr^()iii9 
t>y  to  be  fully  e;iPloj.ted,    Th&rc  arc  two  <;£>eci  £  ic^l  ly^    Vhe  fir^t 
IS  the  r<?introt)ugtion  o£  an  old  "twO-<liiaen£Jioii3l*'  tucbulengc 

which  gives  the  fUst  rc^ltstlc  Picture  ot  tb<f  dcvclopmont  o£  l^t:^ 
strain  aisturt^anges  in  geopliyaical  fluitls^* 

'The  scgOnd  GXtonBiOn  of  Lotrcnz's  Scninal  wotrk  On  prc^SigtA- 

t>Llity«     It  is  ba^c^d  on  the  gonCcpts  o£  "sttran^c  atttractotrs^ 
b\ £ut:c£ition  theory*  both  oi  vhich  have  b«cojtto  the  tr^Oc— iPerhops  ovctr 
c)(ploited — of  the  study  of  non-IinCcit:  phCnOncna  exciaplified  by 
w<^jith<?i:  and  glimatG* 

Abow  fill  wc  have  been  training  ^md  grAduatlng  young  People  Of 
exceptional  ability  who  ease  with  the  nev  technology  and 

new  theory^  They  are  fully  capable  of  eJtploitlng  whatever  resoucees 
wc  Put  at  thelc  disposal  in  the  form  of  salacios/  plAtEocma*  instru- 
mentii  and  advanced  cociputets*  1  am'cOnf^dent  that  i^c  can  accelecato 
Ouc  progress  in  undetrstandtntj  cl^nat^i* 

X  have  so  fat:  st^csx^ed  clii^te       ^  ptrlmaty  ptoblem^  but  thetrc 
^ice  Jfundamorit^l  di££iCulttefl  trCnwiriing  with  trex^pect  to  <^^^  undetr- 
i;tartdj.ng  o£  Ui&  food  chain,     In  too  i; impl  istic  a  vie^/  we  hold  thatf 
tt  4  cluiat^  chaufje  dtx^tru^jtcd  a  roa^ot:  fishc-'tryt  though  tb<?  imm^'di^te 
social  consicquences  would.      gc^ve*  th<f  fflp<fci£ic  biota  i/ould 
CGplaced  by  an  aiJpcO)«imt<fly  e;)uivdl<fnt  tOn^tict<?f  since  the  genOcal 
physical  ATid  c:hei!^ical  characteristic:;  uould  bo  the  Came*    Vhls  is 
what  happened  wh^n  the  California  satr^jrTic  fishery  failed*    It  w^;^ 
cvpUcod  by  an  unchovy  £  i:;b<f ry  whicji*  however*  nevotr  i^jchcd  full 
matucity  betauf;e  of  in:;t itut  lonal  inoftiu* 
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This        not  i/h4t  h.ippvor-il  in  the  ca&t.'  &£  tho  pt>ruVi;in  ancbovetta 
fiiihcty*     It         not  rc[jlacc<l  by  tiiiyth^ng  jt^f ^^^m:]  1 1 nrj  it&  tonnu^c 
jnd  It  htia  becoate  a  first  order  t^^y^it<^ry,     [t  is  iiflportiint  thftt  thlii 
b«  Uijrjvele<sl  if        ^ce  to  bo  b«ttot  pre£>(iCOd  for  whtit  ^ill  tipParently 
be  in^vlttible  latijor  fluctuationa  in  £o<id  from  the  oceans. 

Our  ItniProvin^  tibj^lity  to  Jcal  with  the  oceans  and  the  cocres" 
Pondin9  clinatc  chtin9C  entiblo       to  betj^Ln  to  analyse  tho  consequences 
of. some  of  our  gravest  anthiroPof^cnj^cally  <jGneratod  global  Probloms, 
Tiio  pirime  oxaaplo  i£j  £o5ail  £uul  o^rii^rated  carbon  dioxide.  There 
ar<f  many  CO^  indjccd  chanijea  that  arc  possible  or  PirObablc — among 
tho  moro  important  ace  regionally  altered  climate  patterns^  sea 
level  increases  and  direct  effects  of  the  increased  CO2  concentration 
on  flora. 

The  oceat^o  pl^y  the  s-ofit  vital  role  in  this  ptocc^  *  First* 
they  are  the  ultimate  ^ink  o£  tho  CO^  pulso  at\d  tha  ocean  dynamics 
and  chemistry  muot       better  understood  to  doal  vith  the  pcoblom* 
Fortat^atoly,  thjiro  is  eot^siderablc  ovoclap  in  the  t^ceded  ocean 
sci4;nce  for  under  stand  i-ng  the  CO2  Piroblem  and  unUer^ta  tiding  clj^mtite 
ehange 

Seco  idlyf  wq  must       sible  to  pin  down  more  exactly  tho  regional 
effouti,  of  the  COi  induced  climate  change.    The  atra(?sphortc  aodolers 
arc  havit^g  nvodcst  iui-ceas  10  PreJictiny  induced  i^atteirns  of  changed 
precipitation  and  hydrology  and  it  is  likely  that  this  uill  improve* 
Since  It  IS  la>:gely  computer  limited  at  thi^  tim^«  although  betteir 
Pairameteri^ation  of  fundatnt^ntal  proceo^es-  is  alio  rokjuired,  However* 
this  is  not  considert^d  of  s^erioui,  t>ortent  tot  tho  United  StatOs  by 
moi*t.  jfjticultiiral  sci^intists*     Thoii"  cofiyens^u^  seems  to  he  that  the 
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^rjdaalXflp*  of  tht  cUiiiiiie  nat^jutiou  ixfocosc  will  be  CAsUy  overcocKS 
by  the  9enotic  xmprovo/aonLs  tho/  h^va  historically  boen  able  tO-  - 
achiava.    Figures  iik^  two  p(irc{>nt  pcx  ^mtiuiti  Increase  in  corn  yield, 
it  IS  felt,  v/iil  flwotap  gra<luAi  iocdt  cliituite  ehanjcsr    More  serious 
is  tha  higher  order  probleivi  or  eh^ngof?  in  Erequoncy  in  natural 
Ji^^stors*    txtiitiplos  Qtc^  nujubers  ot  tiotrriocinos  por  reason*  frequency 
of  dry  ye^r  sequenees  ir^  the  Southwost,  Andirequertey  ^f  failure 
ot  joonsoons.    Unfor     >ij^«iy,  there  is  at  this  tine  nO  theoretical 
basis  for  treating  this  el^ss  o£  prOblera. 

SoA  level  rise       obviously  an  oco«)nlc  problem.    It  no  longer 
secms  that  the  breakup  of  the  WG5 tern  Antarctic  ice  Shce-t*  vith  the 
correoponditig  catastrciphtc  rise  in  sea  level  is  at  all  likely, 
llowover*  the  inJueed  global  wamirwj  by  CO2  will  resylt  in  several 
pwtcirs  rise  in  ^ea  levt?!*    This  rise  not  only  results  from  the  welted 
Arctic  ^nd  Antarctic  ice*  but  about  equally  from  the  resultant  thermal 
e^tpAnsion  oi  the  upper  layers  of  the  ocean*    This  i&  a  serious  Pre- 
diction tor  rtany  rov^lylnV  coastal  areas  of  the  uorld* 

Before  I  leave  this  sabjeet*  I  must  touch  on  one  aspect  of  it 
that  i£  not  usually  coupled  in  the  same  discussions  and  that  is 
national  defense  an<l  world  stability.    I  hold  strongly  to  the 
opinion  that  nuclear  deterrence  depends  primarily  on  our  submarine 
ballistic  force.    I  ^i^o  believ^e  that  our  submarine  nuclear  force 
is  invulnerable  for  the  fore^e^^able  future,    itevertheiessf  because 
of  the  gravity  of  the  matter  xt  is  vital  that  we  ^now  ali  ve  can 
about  the  physical  and  chemical  ch^^racter  of  the  oceans,  particularly 
those  rclatecJ  to  the  acoustic  prop<;rties,  ui>on"whieh  this  invulnera- 
bility depends.    One  d^velOpm<?nt *  related  to  the  (jeneral  clas5  o£ 
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thooroticAl  brctiktht ouijIiH  I  taint  to  carlior       o  better  understanding 
o£  OGcanic  tacsoscatc  eddies  which  buvc  i^^otound  rsignificdncG  fo^ 
dcoostic  unti'subfttarinc  warfare* 

Changin9  the  3ub3Gct  abruPtl/f  t  would  lil^e  to  add  ^ust  one 
note  to  uh^t  my  collGd9u<^,  Ptofcfisor  Dral^O'  has  prepared  on  the 
subject  of  dGGp  SG^  drilling  and  the  related  nuxrino  geology.  One 
unappreeiated  »^sp<^ct  of  the  stud/  o£  marino  sediments  is  the  stud/ 
of  ancient  eliroatos*    It       a  subject  th^^t  now  has  a  nome-'-paleo*' 
climatology*    We  uso  it  for  insights  to  understanding  elimato« 
More  spc^eulativ^ef  but  with  more  eonventional  economic  pos:*ibiliti^s 
are  what  we  ean  learn  from  the  processes  occufi^lng  at  tho  contlrl^ntal 
marglnSi    Sea  floor  spreading  /lelda  a  pieture  of  the  oceanic 
soditnents  rt;aching  the  continentf^  and  cobuilding  them  froii^  underneath 
against  the  erosion  at  the  surface*    It  Is^thls  erosion*  in  turn* 
that  forms  the  oeeanic  sedl^nts  to  make  a  eooyplcte  two  tmndred 
million  /ear  c/cle»    If  w«  understand  tboae  blotter  we  sJiould 
able  to  prospect  for  ores  ntore  efficiently* 

Th^n  there  is  polar  iee*    1  mentionjfd  it  earli^^r  only  \xi  terms 
of  something  to  be  melted  b/  climate  chaii^ge*    Itowever^  the  polar  ^ 
eaps  are  An  important  feedback  mechanism  in  terms  of  thC' sha^rp 
contrast  in  refleetlvi t/  compared  to  the  rest  of  the  globe*  This 
feedback  mechanism  is  bi^lieved  to  be  the  cause  of  n^^i  age^^  but  tn 
f^ny  evet^t  is  a  powerful  aittplif/lng  agent  in  clitnate  theory* 
Furthermore*  coring  of  the  ice  yields  valuable  geochronoiogical 
information  through  the  gaf»<^S  trapped  by  the  ice«  ^  Among  others  we 
hav^e  fi^ti^d  the  preinduSttial  carbon  JloxUq  levels  which*  combini^J  ^ 
with  Keeling*3  results*  g^vo       a  Pictuce  of  the  inexotable  ^iLetation 
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DUX  globdl  cnv  L £'jiLn«>iit  tZiiough  tho  uco  oi  foi^^Ll  fuol.  also 
learn  thai  mothiino  was  o*ir  1  ler  .  non-e^tiit^/ntM  n  the  atnQSphoro,  This 
13  important  bocjri>e  It  is  one       naiiy  ^itfiiosphor i C  g^soo  of  tinthroi>o- 
<j(jfiic  w^io^o  sum  totirl  effect  in  iMrminy  may  bo  oquivalont 

to  Carbon  dioxido.  '      ,  v 

While  di£:cus3Ln<j  tho  AntauctiOf  wo  rocognizo  thu  unusual 
offocts  of  tho  CirCympOlar  curront*  particularly  in  tlio  upwelling 
loading  to  tho  ^nomous  Krill  population.    This  population  is       ^  ^ 
oiftinuitod       <>  poffoibXo  fishory  th^it  could  itiotch  tho  y-ield  of  the 
root       tho  world's"  fichorios.     It  is  tjuo^tionablo  whothor  this 
would  bo  an  oconomic  sourcof  but  if  it  worof  vory  caroful  ocological 
oxaininations  would  h^vo  to  bo  mado. 

1  conoludo  by  stating  that  otho'^r  dovt^lopntents  a^alt  us, 
particularly  in  shoro  procosscsf  boach  stabilization  and  gonorally 
tho  Proscrvation  of  tho  cod&ilino  Against  tho  awesome  Pressures  of 
a  burgooning  population  th^t  wants  to  livo  by  tho  sea*  uso  it  aftd 

if 

onjoy  it. 
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Mr,  Walgren.  Thank  you  very  much.  Dr.  Nierenberg.  It  is  kind 
of  a  good-news/bad-news  statement 
Dr-  Spencer, 

[The  K  jgraphical  sketch  of  Dr.  Spencer  follows:] 
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STATKMENT  OF  DKKKK  WARDl.K  SrKNCKR.  ASSOCIATE  DIllKC- 
TOIl  FOR  RKSKAUCll*  WOODS  IIOI.K  OCKANOGRAHIIC  INSTITlT- 
TION 

Dr.  Spencer.  Mr.  Chairman*  thank  you.  My  colleagues  and  your- 
self in  your  opening  remarks  have  highlighted  some  of  the  impor- 
tant advances  ^that  have  been  accomplished  in  the  last  several 
years  in  ocean 'eciencea.  I  would  like  to  say  that  despite  these  sue- 

 ^cesses^-thejicademic  ocear.  science  community  is  presently  under 

some  stress.  I  would  like  to  prefcce  my  comments  with  the  state- 
ment tjat  it  is  important  for  those  considering  the  national  re- 
quirements and  priorities  for  ocean  science  understand  the  nature 
of  the  ,science  itself. 

Oceanography  is  not  a  pure  discipline*  but  rather  the  oceans  are 
a  place  vthere  pure  disciplinary  interests  and  investigations  are 
necessary  to  understand  the  processes  that  have  brought  the  ocean 
to  its  present  condition  and  that  in  the  future  may  keep  it  in  a 
steady  st^ite  or  allow  changes.  An  oceanographer  who  is  involved  in 
ocean  investigations  is,  first*  a  biologist,  or  a  chemist*  or  a  physi- 
cist, a  geologist,  or  an  engineer.  But  in  most  of  his  studies  he  must 
interact  with  his  colleagues  in  sevtral  other  disciplines  for  the 
processes  he  is  investigating  rarely  recognize  the  disciplinary 
boundaries  that  are  imposed  by  our  social  and  educational  systems 

Of  necessity,  ocean  studies  must  proceed  on  a  broad  set  of  disci- 
plinary front^,  with  the  boundaries  between  these  fronts  be^ng 
loose  and  easily  crossec^.  Further*  the  facilities  to  support  the  prog- 
ress of  oceanography  must  be  both  versatile  to  accommodate  the 
varied  multi-  and  interdisciplinary  requirements  but  also  on  occa- 
sion need  to  be  highly  specialized  to  allow  new  observations  or 
measurements  in  much  narrower  disciplinary  areas. 

Although  the  conduct  of  ocean  research  requires  many  different 
facilities*  the  most  i^rominent  and  that  of  most  concern  to  UNOLS 
IS  the  Academic  Oceanographic  Fleet.  In  my  written  testimony,  I 
have  given  you  details  of  this  fleet.  It  presently  consists  of  25  ves- 
sels, 12  smaller  coastal  research  vessels  and  13  vessels  that  have 
the  capability  of  transoceanic  voyages.  In  particular,  the  larger 
ships,  greater  than  200  feet  and  roughly  2,000  tons  displacement, 
have  the  range,  endurance,  and  space  to  meet  the  diverse  needs  of 
the  multipurpose  scientific  operations  in  all  regions  of  the  world's 
oceans*  with  the  exception  of  some  of  the  high  latitude  ice-covered 
areas.  These  vessels  truly  constitute  the  backbone  of  the  U  S  aca- 
demic, blue-water,  global  research  fleet.  It  has  been  through  the 
use  of  this  larger  class  of  ships  that  many  of  the  dramatic  advances 
in  marine  science  have  been  made  in  the  last  few  decades. 

In  addition  to  these  general  purpose  vessels,  there  are  a  number 
of  special  purpose  facilities*  including  the  drilling  ship  Clomar 
Challenger,  the  stable  platform  FLIP,  the  submersible  ALVIN 

Since  197U  the  academic  fleet  has  shrunk  from  a  total  of  35  ves- 
sels to  the  25  now  listed.  In  particular*  the  larger  vessels  have  de- 
creased from  eight  to  six,  and  the  intermediate  vessels  from  eight 
to  seven.  The  removal  of  intermediate  or  large  vessels  from  the 
fleet  because  of  their  greater  size  and  capabilities  has  a  much  more 
pronounced  effect  on  the  overall  effectiveness  and  versatility  of  the 
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floet  than  Hk-  rvmoMi]  opM'voral  bmiiller  \ebs*fli>.  But  a  reasonable 
complemen',  of  both  i&  nt■cei^^^a^>  for  modern  oceano^raphic  science. 

In  addition  to  this  decrease,  all  operating  ini^titutions  have  expe- 
rienced difnculty  during  the  last  several  y^ar&  in  maintaining  their 
ships  in  first -class  operating  conditions.  There  has  been  equal  dirfi- 
culty  in  obtaining  new  modern  equipment,  such  as  upgraded 
winches  that  can  handle  the  Increased  demands  placed  by  heavier 
gear  that  many  experiments  now  require. 

The  present  status  of  the  oceanographic  fleet,  is  simply  a  symp- 
tom of  a  larger  malaise  which  affects  the  whole  of  academic  ocean 
science,  although  to  different  extents  in  the  different  disciplinar) 
areas  In  the  statements  that  follow,  I  do  not  necessarily  claim  that 
academic  ocean  science  is  in  any  worse  predicament  than  other  sci- 
ences or,  indeed,  many  other  sectors  of  our  econony  at  this  time. 

I  believe  that  the  principal  causes  of  our  present  problems  are 
rooted  in  several  areas,  not  all  of  which  are  independent.  Financial 
support,  inflationary  increases  in  costs  that  have  been  greater  than 
average  inflation  increases,  competition  from  industry  for  high- 
quality  staff,  the  m^jor  growth  of  Government  agencies  laborato- 
ries conducting  both  babic  and  apf)lied  ocean  research,  and  increas- 
ing difficulties  and  costs  in  obtaining  clear ai^ces  to  work  in  foreign 
waters  all  contribute. 

For  my  remaining  time,  I  will  concentrate  on  the  issue  of  finan* 
cial  support*  for  the  effects  of  the  other  cor*tributing  cau'res,  while 
important^  are  of  somewhat  lesser  magnitude. 

The  basic  problem  is  the  cumulative  effect  of  inadequate  finan- 
cial support  over  the  past  decade.  Academic  ttceanography,  because 
it  is  a  young  multidisciplinary  science^  does  not  have  well-en* 
trenched  roots  the  academic  structure  of  most  universities- 
There  are  few  undergraduate  departments  of  oceanography,  and 
indeed  there  should  be  few,  for  the  progre&i  of  the  science  requires 
individuals  with  strong  disciplinary  backgro^tnds,  together  with  in- 
terests in  the  broader  interdisciplinary  areas- 

Oceanograph>  is  an  area  of  postgraduate  and  postdoctoral  study 
that  has  grown  principally  during  and  since  the  Second  World 
War,  out  of  the  urgent  needs  of  the  U.S.  Navy  for  information  on 
the  environment  of  its  operations.  As  a  tansequence,  oceanography 
is,  perhaps  to  a  greater  extent  than  any  science  other  than  biomed. 
icine,  dependent  on  the  Federal  Government  for  its  growth  and 
supports 

Two  agencies  that  have  provided  long-term  base  support  for  aca* 
demic  ocean  science  are  the  Office  of  Naval  Research  and  the  Na* 
tional  Science  Foundation,  At  the  present  time,  these  two  agencies 
supply  between  70  to  75  percent  of  the  totai  academic  research 
fundbi  with  the  remainder  from  State  and  private  resources,  and 
with  agencies  t  uch  as  NOAA— Seagrant— DOE,  NASA,  and  USGSt 
contributing  significant  but  lesser  amounts- 

ONR  and  NSF  currently  support  about  80  percent  of  the  cost  of 
the  academic  n<-*et  operations^  with  about  70  percent  of  the  funding 
coming  from  the  National  Science  Foundation  and  about  10  per- 
cent from  ONR.  The  history  of  this  funding  over  the  last  decade  or 
more  shows  that  some  substantial  changes  have  taken  place.  In 
1961)  to  1970t  ocean  sciences  was  the  recipient  of  a  substantial  In- 
crease in  funding  that  accompanied  the  establishment  of  the  Inter- 
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national  decade  of  uceun  exploration  program  at  the  National  Sci- 
ence Foundation,  This  program  continued  through  the  1970's,  and 
in  one  way  or  another^  several  of  the  projects  have  revolutionized 
the  way  we  think  about  the  ocean  and  are  having  a  very  signifi- 
cant input  into  the  design  and  the  conduct  of  ocean  experiments  at 
this  time. 

However,  the  statistics  on  file  at  the  NSF  show  that  in  terms  of 
constant  1972  dollars,  and  using  a  standard  CPI  deflator,  a  nega- 
tive growth  of  about  10  percent  from  1973  to  1983  in  ocean  science 
research  support  has  taken  place.  If  such  a  decrease  apf>lied  to  all 
of  the  oceanographic  funding,  and  if  the  CPI  deflator  did  not  un- 
derestiniate  the  effects  of  inflation,  it  could  be  managed  without 
^major  disruptions.  But  unfortunately,  neither  of  these  two  qualifi- 
^""^^  ers  is  true. 

At  about  the  same  time  as>  the  onset  of  IDOE,  the  ONR  basic 
ocean  sciences  support  started  a  strong  decline.  Figures  prior  to 
1972  are  difficult  to  obtain,  but  in  terms  of  1972  dollars,  ONR  core 
support  has  decreased  substantially.  The  effect  of  this  decline  in 
ONR  funds  is  particularly  evident  at  two  of  the  leading  oceano- 
graphic institutions.  Information  that  I  have  received  from  Dr 
George  Shor,  associate  director  at  Scripps*  shows  that  from  1970  to 
1982,  the  Scripps  Institution  of  Oceanography  has  experienced  a  de- 
crease from  30  percent  to  13  percent  in  its  total  research  support 
from  ONR,  and  decreases  from  about  38  percent  to  13  percent  in  its 
ship  support  from  ONR. 

Over  tne  same  period,  the  Woods  Hole  Oceanographic  Institution 
has  seen  ONR  funding  decrease  from  56  percent  to  25  percent  of  its 
total  research  expenditures^  and  from  52  percent  to  about  15  per- 
cent of  its  total  ship  support.  The  experience  of  these  institutions  is 
a  mirror  of  the  community  as  a  whole. 

These  losses,  which  occurred  mainly  in  the  early  part  of  the 
decade,  offset  many  of  the  gains  that  came  from  the  IDOE  pro 
gram.  Since  the  mid-1970*s,  rampant  inflation  has  more  than 
eroded  the  other  gains.  The  cumulative  effect  of  this  erosion  is 
quite  profound  and  is  manifest  in  several  areas. 

First,  the  competition  for  funding  from  the  National  Science 
Foundation  is  now  excessively  severe.  A  scientist  submitting  a  pro- 
posal to  the  ocean  sciences  division  has  seen  his  chances  otsuccess 
decline  from  about  63  percent  in  1977  to  47  percent  in  1982,  Within 
the  disciplinary  areas  of  ocean  science,  there  is  an  even  greater  dis- 
parity in  the  success  ratios.  An  ocean  physicist  has  about  a  55*per- 
cent  chance,  ^hile  an  ocean  biologist  has  less  than  a  25*percent 
chance.  There  are  now  very  manj  good  research  proposals  that  are 
being  declined  for  lack  of  funds. 

As  the  ONR  funding  has  decreased^  it  has  quite  naturally  con<^ 
centrated  in  areas  of  direct  and  inimediate  relevance  to  the  Navy 
mission,  and  these  lie  principally  within  the  realm  of  ocean  physics 
and  engineering.  The  continued  support  from  ONR  in  these  areas 
has  relieved  much  of  the  pressure  from  the  National  Science  Foun- 
dation, but  other  disciplines  have  not  been  as  fortunate. 

The  increase  in  the  prob:?bility  of  proposal  declines,  even  for 
good  scientists,  is  putting  some  extreme  pressure  on  the  oceano- 
graphic institutions  that  employ  them,  A  hiatus  in  the  funding  re- 
quires an  institution  to  supply  salat?  fuid  research  funds  that 
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w(iu)d  t^thtTtti-^t^  hir  utilized  for  the  support  and  upgrade  of  neces- 
bar>  faciliti^b  iitid  tor  thy  develtipment  of  new*  high-  ^sk  innovative 
programs  that  art  unlikoly  tti  survive  a  somewhat  conservative 
peer  review  process  at  the  Nati(mal  Science  Foundation  and  are  of 
seemingly  little  Immediate  interest  to  mission  agencies. 

The  low  probability  of  success  has  a  direct  feedback  to  the  kind 
of  proposal  that  is  submitted.  There  are  few  si^iflcant  basic  re- 
search programs  that  can  be  started  and  ended  ■  Jthin  the  period  of 
1  or  2  years,  and  a  scientist  will  choose  to  propose  work  that  can  be 
maintained  h  some  continuit>  ot  program.  The  expense  of  seago- 
ing work,  together  with  the  fact  that  as  ship  time  is  reduced,  it  is 
more  difficult  to  assure  that  a  vessel  can  be  at  a  given  place  at  a 
given  time,  augur  against  the  likelihood  of  funding.  Several  scien- 
tists* because  of  these  factors,  because  they  have  been  forced  to 
turn  to  funding  from  agencies  that  support  little  or  no  ship  time^ 
have  changed  the  emphasis  ot  their  work  from  oceanic  to  coastal 
estuary,  and  terrestrial.  This  is  particularly  true  for  ocean  biolo- 
gists. 

Research  expeditions  in  regions  remote  from  U.S.  shores  are  be- 
coming very  difficult  to  plan  and  execute.  A  cruise  to  the  southern 
or  Indian  oceans  must  consist  of  some  10  to  15  or  more  programs, 
each  occupying  2  to  4  weeks  of  ship  time.  In  past,  such  cruises  have 
been  away  from  home  port  for  up  to  2  years,  but  in  recent  years 
several  of  these  remote  expeditions  have  been  badly  disrupted  be- 
cause programs  proposed  for  a  given  leg  have  not  been  funded. 
This  has  forced  last  minute  bchedule  changes  and  even  temporary 
lay-ups  in  foreign  ports*  both  of  which  are  costly  and  inefficient. 

As  casts  have  increased  suHstantiall>  in  excess  of  available  funds, 
there  has  been  a  retrenchment  in  both  manpower  and  facilities. 
For  example,  statistics  from  the  oceanography  division  of  the  Na- 
tional Science  Foundation  show  that  in  1980  they  were  supporting 
20  percent  less  scientists  than  in  1975.  The  funding  for  new  modern 
laboratory  equipment,  a&  well  as  ship  s  equipment,  has  bc?en  scarce 
and  has  forced  the  continued  use  of  older»  less  efficient  facilities, 
with  larger  and  larger  amounts  of  time  devoted  to  upkeep  and 
maintenance. 

Ship  maintenance  has  been  stretched  and  delayed,  not  to  the 
point  of  seriou&ly  compromising  vessel  safety,  but  sufficiently  to 
limit  the  versatility  and  potential  of  many  vessels. 

Pprhaps  the  most  significant  long-ter.n  negative  impact  is  the 
moral  problem  caused  by  working  harder  and  harder  for  leas  and 
less.  Although  it  is  diHicult  to  quantify^  there  is  evidence  that  good 
productive  researchers  are  leaving  academic  ocean  science^  and 
promising  young  scientists  are  not  entering.  The  ocean  science 
community  has  seen  20  to  25  percent  of  active  researchers  in  sub- 
marine geology  and  geophysics  leave  in  the  last  3  to  1  years.  There 
is  growing  concern  about  the  lack  ot  new^  high-quality  graduate 
students,  particularly  in  ocean  physics. 

To  some  extent  there  are  already  in  existence  programs  that  will 
alleviate  some  of  the  problems,  and  not  all  of  the  retrenchment  has 
been  deleterious.  For  example,  some  decrease  in  the  size  of  the  aca- 
demic vessels  from  1070  levels  is  not  as  harmful  as  may  be  sup- 
posed. Oceant^raph^  has  moved  from  an  exploratory  science  into  a 
science  that  is  asking  more  focused  questions  about  the  oceans. 
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Many  of  these  tiueatiorih  can  b<?  answered  with  much  less  at-sea 
effort. 

In  addition,  improvements  in  the  rate  of  data  acquisition  have 
occurred.  Mooring  set  to  collect  current  velocity  and  direction 
d^ta  are  now  routinely  deployed  for  1  to  IV^  years  rather  than  the 
2-month  period  that  were  common  in  the  early  and  mid-l970's. 
Modern  geoph>£^ical  tools,  such  as  multichannel  seismic  techniques, 
which  allow  geophy&icists  to  probe  the  structure  of  the  subsea  floor 
with  high  resolution,  supply  enough  data  in  1  month  to  keep 'a  sci- 
entist occupied  for  almost  a  whole  year.  With  the  total  complement 
of  ocean  science  manpower  static  and  in  some  cases  declining  for 
the  last  several  years,  these  changes  in  the  evolution  of  science 
have  led  to  a  decreased  demand  for  ships. 

However,  it  is  my  r  pinion  that  the  fleet  is  now  at  a  minimum 
level  for  the  support  A  both  continued  progress  on  broader  multi- 
disciplinary  fronts  a  id  to  allow  some  thrusts  that  are  essential 
within  the  discipHns  y  areas. 

The  advent  of  new  technology,  such  as  remote  sensing  of  the 
ocean  surface  by  satellites,  and  the  remote  sensing  of  the  ocean  in- 
tmor  by  acoustic  techniques,  will  not  over  the  foreseeable  future 
place  less  demand  on  ship  time.  In  fact,  the  reverse  is  true,  for 
ships  will  I  necessary  both  to  check  remote  observation  tech- 
niques while  they  are  in  development  stages,  and  to  conduct  ex- 
periments that  may  allow  future  extensions  of  the  remote  tech- 
niques to  a  greater  range  of  ocean  properties. 

Recent  funding  decisions  by  both  ONR  and  NSF  provide  a  light 
at  the  end  of  the  tunnel.  In  1980,  ONR  initiated  a  series  of  special 
research  opportunities.  Included  in  these  were  coirriiitments  to 
mid-Iife  rents  and  the  maintenance  of  those  vessel^i  owned  by  the 
Navy,  and  the  DOD  initiative  announced  last  year  will  have  an  im- 
portant impact  on  the  quality  of  tools  available  for  ocean  science  as 
well  as  other  areas  of  scientific  endeavor: 

These  decisions  recognize  some  of  the  problems  and  are  highly 
laudable,  but  they  do  not  tackle  the  root  of  the  problem,  which  is 
support  for  the  conduct  of  basic  rej>earch  programs  at  academic  in- 
stitutions. An  upgraded  and  modern  vessel  is  a  prime  requirement 
of  good  ocean  research,  but  it  is  not  particularly  useful  if  scientific 
programs  cannot  be  developed  to  use  it. 

The  recently  announced  ONR  special  research  initiatives  for 
work  in  the  South  Atlantic,  in  the  upper  ocean  atmosphere  bound- 
ary, and  in  ocean  bioluminescence,  which  are  projected  to  start  in 
fiscal  year  1984*85,  promise  to  pro\ide  such  support,  but  they  will 
not  do  so  unless  they  bring  new  funds,  rather  than  efTect  a  simple 
transfer  out  of  the  already  depleted  ONR  core  program  support. 

The  fiscal  year  1984  budget  of  the  National  Science  Foundation, 
with  its  emphasis  on  basic  science  support,  is  similarly  most  wel- 
come news,  although  among  the  larger  community  of  ocean  scien- 
tists there  is  naturally  some  disappointment  that  the  ocean  science 
proposed  increase  of  9.9  percent  is  less  than  half  that  ii^  other 
Earth  and  planetary  sci&nces.  However,  most  realize  that  initia- 
tives such  as  ocean  drilling  and  others  that  will  be  required  in  the 
future  do  not  come  without  some  cost. 

Most  recognize  the  m^or  role  that  drilling  can  play  in  the  devel- 
opment of  our  understanding  of  the  history  of  ocean  processes.  As 
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the  only  tool  to  directly  sample  the  subsea  and  with  the  need  to 
develop  further  knowk>dgL>  of  the  structure  of  ocean  basins  and  con* 
tinental  margins  to  refine  the  Earth's  recent  climatic  history  and 
to  probe  the  new  crust  forming  at  ocean  ridges,  drilling  is  an  irre- 
placeable tool  Nevertheless,  any  new  initiative  that  would  be  so 
costly  as  to  subsume  the  orderly  progress  of  ocean  science  on  many 
of  the  broader  multidisciplinary  fronts  would  be  detrimental  to 
ocean  science  and  the  Nation. 

In  summary^  although  the  recent  sledding  h3s  been  toughs  the 
present  decrease  in  inflation,  combined  with  the  initiatives  of  ONR 
and  the  proposed  NSF  budgetary  increase^  offer  a  considerably 
brighter  future.  I  hope  the  Congress  will  not  only  fully  support  the 
NSF  budget  for  fiscal  y^ar  1984  but  will  also  recognize  the  key  role 
that  basic  scientific  research  can  play  in  leading  to  a  higher  i{ual- 
ity  life  In  both  an  intellectual  and  material  sense.  In  this  regard, 
Congress  could  urge  the  Navy  and  other  Government  agencies  with 
a  legitimate  ocean  interest  to  recognize  and  use  the  resources  of 
our  academic  oceanographic  institutions  for  the  conduct  of  basic  re- 
search applied  to  their  missions.  Thank  you,  Mr.  Chairman. 

[The  prepared  statement  of  Dr.  Spencer  follows:] 
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TESTIHOHV  BEFORE 
THE  SWeCOHHITTEE  OH  SCIEHCE^  RESEARCri  WJO  TECHNOLOGY 
ftarch  1.  1583 

Derek  Spencer 
Woods  K»1e  OcMnographfc  InstUutfon 
Hoods  Hole^  Kassachusetts 


Ky  mtse  Derek  Spencer*  I  am  the  AssocHte" Director  for^Research-at 
the  Woods  Hole  Oceanographic  Institution  In  uoods  Hole^  Kassachu5«ttst  one 
of  the  1«adfn9  or9ftnl2atfons  Involved  in  the  practke  of  oceanographfc 
research  and  the  developntent  of  technology  for  the  detection  and  ineasureaent 
0'  ocean  properties*  I  aia  also  the  Chairman  of  UNCIS*  the  Ubilverslty 
}  tlonal  Oceanographic  laboratoi?  System,  an  organization  whfch  coordinates 
the  scheduling  and^  through  Its  Rwndier  Institutions,  the  operation  and 
co>^osU1on  of  the  fleet  of  academtc  research  vessels.  1  as)  pleased  to  have 
thts  opportunity  to  present  to  you  some  facts  on  the  status  of  academic 
ocean  scfence  and^  in  partfcular*  on  the  facilities  that  support  the  conduct 
of  the  science.  Oceanographfc  programs  during  the  last  two  decades  have 
Provided  not  only  tremendous  Intellectual  fodder  but  have  a  clear 
relationship  to  many  of  the  social  econom1(^  ^nd  military  concerns  of  this 
country . 

The  coTtcept  of  Plate  Tectonics  and  the  proofs  subsequently  provided  by 
ocean  geopt^sics  and  drilling  have  brought  us  to  an  understanding  of  the  way 
that  the  continents  and  ocean  basins  are  formed.  The  patterns  of  earthquake 
belts  are  better  understood  as  are  the  processes  that  form  mineral  deposits 
within  the  crust.  Ocean  drilling  has  prov1de4  the  raw  qiateHal  Uadfng  to 
better  understanding  of  the  cycles  fn  the  earth's  climatic  history  over  the 
last  tens  to  hundreds  of  thousands  of  years.  These  natural  cycles  are  still 
operating  but  may  be  affected  by  man's  Increasing  Industrial  activity. 
Studies  by  ocean  scientists  and  others  have  Illuminated  the  Increasing 
presence  of  jnan's  waste  products  particularly  carbon  dioxide  In  the  earth's 
atiDOSphere  and  ocean  ^nd  studies  are  presently  underway  to  examine  the 
Interaction  of  the  oce^n  atinosphere  system  and  the  role  of  the  ocean  In 
absorbing  atmospheric  CQ^  which  may  have  relatively  short  term  effects  on 
the  earth'^  climate. 

Other  studies  have  used  nan's  products  Such  as  radioactive  carbort-14  and 
tritium  from  atonic  weapons  testing  as  tracers  of  ocean  ciruclatlon 
processes.  These*  together  tflth  m^Jor  developments  In  our  understanding  of 
the  scales  of  niotlcn  of  ocean  water  are  teazling  us  to  a  position  wheretyy  we 
can  compreheml  the  role  of  the  ocean  as  a  flywheel  In  the  earth's  weather 
and  climate  system.  Studies  of  water  movements  In  the  Antarctic  regions 
have  shown  the  Importance  of  this  area  as  the  principal  connection  between 
all  the  deep  ocean  basins. 

The  recent  discover?  of  m1d*ocoan  ridge  t^drothermal  vent  roglons 
surrounded  by  starti  Ing  oases  of  1 1fo  has  q^Jor  Impl  Icatlons  for  ocean 
mineral  resources  but  they  also  provide  stunning  opportunities  to  examine 
the  role  of  the  deep  earth  in  controlling  the  contposltlon  of  the  ocean  and 
In  understanding  the  origin  of  Hfe  under  con41t1ons  quite  alien  to  those 
normally  encountered  at  th*^  earth's  surface. 
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Pecent  successes  in  Uie  use  of  sound  to  probe  and  extract  fnfonnation  by 
remotely  sensing  water  ntovements  In  the  fnterfor  ocean  has  very  significant 
fnplUdtfons  for  understanding  ocean  circulation  but  also  for  our  subrriirine 
defense  systems. 

These  are  but  a  few  of  the  many  fmportant  advances  that  have  been 
accomplished  In  the  last  several  years,  But»  despite  these  successes  the 
acadenfc  ocean  science  communtt^y  Is  presently  under  considerable  stress^* 

During  tay  tj*stimony  I  wlH  offer  some  opinions  on  the  effects  of  past 
and  present  ^i.onomlc-  c^nditionsi— of_gover[tc)cnt^9enLy_poU4y_and^^Uonsr- 
and  of  the  changing  demands  that  the  science  itself  has  placed  upon  the 
facilities  needed  for  tts  support.  These  opinions  are  mine  and  do  not 
necessarily  represent  those  of  the  organizations  with  which  I  am  affiliated, 

I  would  like  to  preface  vsy  consents  with  the  statement  that  It  Is 
important  for  those  considering  the  national  reitfirements  and  priorities  for 
ocean  science  to  understand  the  nature  of  the  science  ItseiK  Oceanography 
is  not  a  pure  discipline  Tike  chetDlstry  or  physics  but  rather  the  oceans  are 
a  place  where  pure  disciplinary  Interests  and  investigations  are  necessary 
to  understand  the  processes  that  have  brought  the  ocean  to  its  present 
condition  and  that  In  the  future  ^  tteep  it  in  stea<iy  state  or  allow 
changes,  Some  processes  act  slowly  and  others  rapidTy*  some  locally  and 
some  globally^  some  are  rather  Independent  and  some  interact  strongly  with 
others*  The  investigations  to  unravel  the  complex  set  of  Processes  are  both 
intellectually  challenging  and  the  results  are  often  of  considerable 
economic  and  social  concern*  An  oceanographer  Involved  in  these 
investl gallons  fs  firstly  a  biologist  or  a  chemist,  or  a  pl^siclst  or  a 
geologist  or  an  engineer  hut»  In  most  of  his  studies*  must  interact  with  his 
colleagues  In  several  other  disciplines,  for  the  processes  he  is 
investigating  rarely  recognize  the  disciplinary  botfn<faries  that  are  imposed 
by  our  social  and  eoucattonal  system*  Of  necessit;y»  ocean  studies  must 
proceed  on  a  set  of  broad  disciplinary  fronts  with  the  boun<faHes  between 
these  fronts  being  loose  and  easily  crossed*  Further^  the  facilities  to 
support  the  progress  of  oceanography  must  be  both  versatile  to  accooioodate 
the  varied  multi  and  Interdlsclplifiary  requirements  but  also^  on  occasion* 
need  to  be  highly  specialized  to  enable  new  observations  or  measurements  in 
nirch  narrower  disciplinary  areas*  The  broad  range  of  disciplinary  «nd 
Interdisciplinary  programs  together  with  the  fact  that  ntany  of  the 
Individual  disciplines  are  at  a  different  stage  in  the  evolution  of  their 
understanding  Puts  great  emphasis  on  the  continuing  need  for  versatile  and 
specialized  facilities  that  are  adeQuate  to  Iteep  progress  moving  on  a  broad 
front  but  allow  thrusts 

In  some  specific  areas  that  could  lead  to  major  new  breakthroughs  in  our 
understanding  of  the  ocean  as  a  whole  systesi*  The  diverse  nature  of  the 
science  of  oceanography »  particularly  in  times  of  economic  stress,  must  of 
necessity  lead  to  disagreement  on  the  priorities  that  should  be  assigned  to 
costly  major  new  thrusts  when  thc^  may  Impact  on  the  scarce  resources 
necessary  to  keep  progressing  at  a  tainlmal  level  on  a  broad  front* 
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It  Is  important  to  realize  that  agr^cotent  between  a  biologist  and  a  ^ 
piiysiclst  on  the  fotport^nce  of  the  next  ocean  expeHtnent  fs  sameWrat»  butp  ' 
not  much  more  Hkely  than  ^greeoont  between  a  democrat  and  a  repubHcan  on  a 
social  program^*   Where  the  outcome  of  a  decision  is  uncertain,  indeed  often 
unknowable »   each  approaches   i t   from   the  equal }y   va1  Id  but   di  f ferent 
perception  of  his  own  training  dnd  experience^*    But,  Just  as  deoocrhts  and 
republicans  are  essential  to  the  functioning  of  our  democratic  system  so  are 
biologists^  physicists  and  mernbers  of  other  disciplines  essential  to  the 
functioning  of  oceanography.    If  this  country  wishes  to  keep  a  leadership 
position  in  ocean  science  it  must  recognize  and  support  both  the  muUi- 
disciplinary  and  the  interdisciplinary  aspects  of  the  science^* 

A1  tlxtugh  the  conduct  of  ocean  research  requires  rnaro^  di fferent 
facilities^  the  Jnost  prominent  and  that  of  principal  concern  to  UNOLS  Is  the 
Academic  Oceanographfc  fleet.  The  composition  ^^f  the  fleet  and  some  of  Its 
characteristics  are  outlined  In  Table  K  The  vessels  range  in  size  and 
capabilities  from  less  than  65  feet  in  overall  length  and  less  than  IOC  tons 
displacement  to  greater  than  200  feet  and  aboul  20€0  tons  displacements*  The 
smaller  ships  fless  than  100  feet)  have  very  IWted  laboratoo'  and  berthing 
spacQ  and  are  incapahle  of  handling  heavy  gear,  or  of  oj>eratfng  fn  deep 
water.  These  vessels  cajr/y  nilnliwm  crews  and  are  generally  unsgfted  for 
other  than  short  cruises  or  on-statlon  activities  of  several  d^ys  in  clement 
regions.  They  operate  principally  In  a  "day  boat"  modep  canning  about  five 
to  ei^ht  scientists  and  students  for  studies  fn  near  coast  waters  and 
estuaries,  Tj^  ships  in  the  size  range  from  100  to  150  feet  have  increased 
capabilities.  They  have  modest  berthing,  laboratory  and  storage  space  and 
are  equipped  for  certain  deep  sea  operations  but  have  very  limited 
sea- keefit n g-a t-tr-Vbu tej^^a nd.ar e ..u s fed ^predPminantl y  fot  short  cruises  in  the 

coastal    and   continental    shelf    regions    of^"  the  n/nitetl  "  States;  The^ 

intermediate  vessels,  from  150  200  feet»  have  nioderate  range  ahd 
endurance  and  berthing  for  about  fifteen  scientists*  Wle  possessing  the 
capability  to  perform  transoceanic  voyages^  they  are  limited  by  berthing^ 
storage,  laboratory  space  and  sea^keeping  from  performing  many  multipurpose 
and  ejttended  ejtpeditionary  work*  However*  they  are  efficient  and  cost 
effective  for  regional ,  shorter  range^  multipurpose  tasks  and  for  some 
eJttended  range  single  purpose  tasks^*  The  larger  ships^  greater  than  200 
feet,  have  range,  endurance  and  space  to  meet  the  diverse  needs  of 
multipurpose  scientific  operations  In  all  regions  of  the  world's  oceans  with 
the  excep,tian  of  high  latfttrde^  ice  covered  areas*  These  vessels  constitute 
the  jacktione  of  the  U,Si»  academic^  blue-water,  global  research  fleet*  It 
has  been  through  the  use  of  ships  of  this  class  that  many  dramatic  advances 
in  marine  science  have  been  made  f»  the  past  few  decades.  In  addition  to 
these  general  purpose  vessels  there  are  special  purpose  facilities  that  are 
v;;erated  by  some  acadefolc  Institutions,  These  include  the  drilling  ship 
GtOM/^A  CHALLENGER,  the  stable  platfom  FLIP»  and  the  submersible  OSPV  ALVIN. 
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fllhe  academic  fleet  has  shrunk  from  A  total  of  35  vessels  fi  1971  to  the 
ZS  that  are  now  present  and  listed  In  Table  K  In  particular  the  larger 
vessels  have  decreased  from  eight  to  six  and  the  Intermediate  vessels  from 
eight  to  seven.  The  restoval  of  Intennedlate  or  large  vessels  frooi  the 
fleet*  because  of  their  greater  size  and  capabilities*  has  a  much  more 
pronounced  effect  on  the  overall  effectiveness  and  versatility  of  the  fleet 
than  the  removal  of  several  small  vessels  but  a  reasonable  complement  of 
both  is  necessai7  for  mo<^rn  oceanographic  science.  I**  addition  to  this 
decrease*  all  operating  institutions  have  experienced  difficult  during  the 
lait  several  years  In  maintaining  their  ships  In  first  class  operating 
condition.  There  has  been  eqMal  difficulty  in  obtaining  new  modern 
equlptient  such  as  upgraded  winches  that  can  handle  ^bc  increased  demands 
placed  by  the  heavier  gear  that  many  experiments  now  require.  A  further 
trend  is  to  .Increased  specialized  use  of  significantly  large  fractions  of 
the  ship  time  available  on  uie  large  vessel s.  As  an  example*  the 
R/V  ATLAHTIS  U.  an  excellent  ciul tlpuiPose*  long  range  and  en<turance  vessel 
is  beUg  converted  to  a  joother^shtp  for  the  subinerstble  DSRV  ALVlN.  The 
current  iDother-shlp*  the  R/V  LULU  Is  small  and  for  many  years  bas  hampered 
the  scope  of  submersible  science  programs  which  will  now  benefit  greatly 
from  the  Increased  range*  laboratory  facilities  and  hotel  capacl^  of  the 
larger  vessel.  Mhlle  the  R/V  ATIAHTIS  U  will  keep  «n  of  the  capabilities  \ 
that  make  her  an  excellent  general  purpose  ship*  the  specialized  needs  of 
tJte  submersible  programs  will  undoubtedly  drive  most  of  her  operating 
schedule  with  a  consequent  decrease  l»  ^be  time  available  for  other 
programs^  At  thi  s  time  several  factors  are  contributing  to  make  1 1 
Increasingly  difficult  to  conduct  oceanograhic  research  fn  areas  remote  from 
U.S.  shores  and  I  will  elaborate  further  on  these  later  In  testlmor^. 

The  demt5e"Trrthe  Academic  Fleet  Is  but  a  symptom  of  a -larger._mala1se-.  „ 
that  affects  the  whole  of  academic  ocean^sctence  though  to  different  extents 
In  the  different  disciplinary  areas.  In  the  statements  that  follow  I  do  not 
tJaim  that  academic  ocean  science  Is  in  any  worse  predicament  than  other 
academic  sciences  or  Indeed  than  many  sectors  of  our  econoniy  at  this  time. 
It  is  my  belief  thnt  the  principal  causes  of  the  present  problems  are  rooted 
in  several  areas  some  of  which  are  not  Independent  of  each  other. 

1, '    Financial  support. 

2,  Inflationary  Increases  in  costs  that  have  been  greater  than 
average  inflation  rates. 

3.,    Conq)et1t1on  from  industr:y  for  high  quality  staff. 

4.  A  maJor  growth  of  government  a3ency  laboratories  conducting 
both  basic  an4  applied  ocean  research. 

5.  Increased  difficulties  and  costs  In  obtaining  clearances  to 
work  In  foreign  waters. 

For  loost  of  my  time  remaining  i  will  concentrate  on  the  Issue  of 
financial  support  for  the  effects  of  the  other  contributing  causes*  while 
important*  arc  of  somewhat  lesser  magnitude. 
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A  basic  protflem  fs  the  ^.umul^tlvc  f'ffect  of  inadequate  financial  support 
over  the  past  decade.  Acadeckfc  oceanograpt?y *  because  It  Is  A  young 
(^ultldisciplindry  science  does  not  have  t^ll  entrenched  roots  fn  the 
acadefliic  structure  of  most  uni vers f ties.  Th^re  are  fev  undergraduate 
departments  of  oceanography  and  indeed  there  should  be  few.  for  the  progress 
of  the  science  requires  Individuals  with  strong  disciplinary  backgroundsi 
together  witb  interests  in  broader  Interdisciplinary  areas.  Oceanograpt^  ^s 
an  area  '  postgra^iuate  and  postdoctoral  stu<ly  that  has  grown  pnncipdlly 
during  an^.  since,  the  second  uorld  War  out  of  the  urgent  needs  of  the  U.S^* 
Navy  for  Information  on  the  environment  of  Its  operations^*  As  a 
consequence*  oceanography  'Sp  pefhaPs  to  a  greater  ejtttnt  than  ariy  science 
other  than  bio-medicinei  dependent  uPon  the  Federal  Governaent  for  Its 
<^wth  and  support. 

The  two  agencies  tJiat  have  provided  lon^  tenni  basic  support  for 
academic  ocean  science  are  the  Office  of  Naval  Research  (OfjR)  and  ^bO 
r^atlonal  Science  Foundation  lNSr)%  At  the  present  ti;ne  these  two  agencies 
supply  between  70%  to  751  of  the  total  academic  octan  research  .funds  (about 
50%  NSF  and  25%  ONR)  with  the  remainder  largely  from  State  and  private 
sources.  Agencies  such  as  hOAA  (5ea  GrantK  OOEi  NASA  and  the  USGS 
contribute  significant  but  lesser  funds  and  although  it  Is  difficult  to 
obtain  accurate  figures  it  appears  that  somewhat  less  than  2%  of  academic 
ocean  i^esearch  receives  industry  support.  The  same  two  agencies  are  ' 
currently  supporting  about  804  of  the  costs  Of  the  academic  fleet  operations 
i7vj,  USF  and  10%  OriR).  Ihe  history  of  this  funding  over  the  last  decade  or 
ir^re  shows  that  substantia,  changes  have  taken  Place^*  tn  196g-70  ocean 
sciences  was  the  recipient  of  a  major  increase  in  funding  that  accompanied 
the  establishment  of  the  International  Decade  of  ocean  Exploration  (tOOE) 
Program  at  the  HSF.  Initially  about  $15  million  Increasing  to  about  [22 
Billion  in  1972-73  004b led  tile. ocean  sciences.  conwunUy  Jo  moun^t  several 
ma^or  inter-Institutional  programs  mahy  of  which*  in  one  way  or  anothefi 
have  revolutlomiod  the  way  that  we  chmk  about  the  ocean  an^d  are  having  a 
very  significant  Input  inco  the  design  and  conduct  of  ocean  eJ(per1ments  at 
this  time.  However,  statistics  on  file  at  the  N$F  show.  In  terms  of 
constant  1972  dollars  and  using  a  standard  CPt  deflator,  a  negative  growth 
of  about  10%  from  1973  to  1983  fn  ocean  research  support  and  about  an  8% 
decrease  In  the  sum  of  ocean  facilities  and  research  supports*  $uch 
decreases.  If  they  applied  to  the  total  funding  of  ocean  science  and  if  the 
CPt  deflator  did  not  underestimate  the  effects  of  the  Inflation  that  has 
occurred,  could  managed  without  major  disruptions.  Unfortunately , 
neither  of  these  qualifiers  is  true.  At  about  the  sane  x^m  as  the  onset  of 
IDOE  the  ONR  support  of  basic  ocean  sciences  started  a  strong  decline^ 
Figures  Prior  to  1972  are  not  obtainable  but.  In  terms  of  1972  dollars, 
ONR's  core  contract  research  progratn  which  supports  mostly  academic 
institutions!  declined  from  $21  million  In  ^97Z  to  about  $15  million  In 
1975^  it  Is  currently  somewhat  less  than  $15  ;n1111on  after  rising  to  $?? 
Aiillion  in  1980.  The  effect  of  the  decline  In  ONR  funds  is  particularly 
evident  at  two  of  the  leading  oceanographic  Institutions.    From  1970  to  ig63 
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the  Scrtpps  institute  of  Oceanography  h^s  experienced  a  decrease  frcio  30%  to 
.US  in  its  tocal  research  suPPort  from  OUR  4nd  a  decrease  from  38£  to  ]3%  in 
ship  support.  Over  xthe  same  perfod,  the  woods  Hole  .  Oceanographic 
institution  has  seen  OnR.  fundtng  decrease  from  ih%  to  2^  of  its  total 
research  expenditures  and  fron  B2%  to  at>out  \5%  of  Its  total  ship  support. 
T^e  experience  of  these  Institutions  is  a  mirror  of  tha  whol^  contuinlty 
which,  during  tne  1970's,  has  seen  OMR  contributions  to  Its  total  research 
support  decline  from  over  3D£  to  less  than  W  with  OUR  ship  operations 
support  decreasing  from  3Z%  to  about  lOt.  These  losses  w/ifch  .occurred 
mainly  In  the  early  part  of  the  decade  offset  maiv  of  the  galns.fro^  the 
IDOE  t^rogram  and  since  the  mid  1970'$  ramipant  Inflation  has  more  than  eroded 
the  other  gains.  ' 

The  cumulative  effect  of  this  erosion  has  been  profound  and  is^manlf^st 
In  several  areas; 

K  The  competjtion  for  funding  froa  the  NSf  is  now  excessively 
fievere^*  Almost  all  acadepilc  ocean  science  Is  performed  as  a  result 
of  Propos;i1  s  submitted  tg  government  agencies.  A  scientist 
submltti^^g  a  proposal  to  the  Ocean  Sciences  Division  has  seen  his 
chances  of  success  decline  from  63X  in  1977  to  47%  in  \9B2*  (This 
compares  with  1982  ravlos  of  from  $Z%  to  S2%  In  the  other  divisions 
of  the  AAEO  directorate  at  fjSF)«  Within  the  a.lsclpllnary  areas  of 
ocean  science  there  is  even  greater  disparity  In  the  success 
ratios^*  An  ocean  physicist  has  about  a  55$  chance  mhile  an  ocean 
biologist  has  less  than  a  25$  chance*  There  are  now  many  very  good 
research  proposals  being  declined  for  lack  of  funds.  As  Ouft 
funding  has  decreased  It  has»  naturally*  concentrated  fn  areas  of 
direct  and  Imnedlate  relevance  to  the  Navy  mission  and  these  lie 
principally  within  the  realm  of  ocean  physics  and  engineering^*  The 
continued  support  from  OUR  In  these  areas  has  relieved  much  of  the 
pressure  from  the  HSF  but  other  disciplines  have  not  been*  as 
fortunate.  It  Is  now  almost  Impossible  for  an  active  ocean 
scientist  to  maintain  a  productive  program  on  a  single  grant  or 
contract.  Most  have  two  or  three  and  some>  if  th^  direct  a  large 
research  group*  as  jnany  as  six  or  eight.  Wit))  the  success  ratios 
as  they  are,  it  Is  difficult  for  a  scientist  to  survive  without 
writing  four  to  ten  or  oiore  proposals  per  year.  Khen  one  Includes 
the  time  to  write  these  proposals  and  the  time  sPent  In  reviewing 
the  proposals  of  others^  the  total  anKiunts  to  a  horrendous  tax  on 
the  productivity  of  the  amvauity. 

2.  The  increase  1h  the  Probability  of  proposal  declines  even  for  very 
^ood  scientists  Is  putting  extreme  pressure  on  the  oceanographic 
:  institutions  that  employ  them.  A  hiatus  In  funding  requires  an 
institution  to  supply  salary  and  research  funds  that  would 
otherwise  be  utilhed  for  the  support  and  upgrade  of  necessary 
fajplHties  and  for  the  development  of  new  high  risk  innovative 
programs  that  are  unlikely  to  survive  the  conservative  peer  review 
process  of  and  are  seemfn^Ty  of  little  Irnaediate  interest  CO 
mission  agencies.  '  - 
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3,  A  low  probability  of  success  his  a  direct  feedback  to  ihe  Mod  of 
proPOsaT  that  U  sutxnUted.  There  Are  few  sfgnff leant  basic 
research  programs  that  can  be  started  and  ended  within  ^  period  of 
one  or  two  years  and  a^.sclentlst  will  choose  to  proposeLWork  that 
can  be  maintained  wUh  some  continuity  of  program.  The  expense  of 
sea-going  work  together  with  the  f.dct  that,  as  shfpl  tline  Is 
reduced*  U  fs  more  and  mre  dffffcuU  to  assure  that  iny  vessel 
can  be  at  a  given  place  at  a  given  time  (a  condition  of  mny  ocean 
eicperlments)  and  that  the  reporting  of  scientific  results  may  often 
be  delayed  by  extensive  cruise  logf sties,  observation  and 
ineasurentent  all  augur  agafnst  the  likelihood  of  funding.^  Several 
scientists*  because  of  these  factors  ^nd  because  th^  have  been 
forced  to  turn  to  funding  from  agenc1,es  that  support  little  or  no 
ship  tltr^  have  changed  the  entphasis  of  their  work  from  oceanic,  to 
coastal  and  estuarlne^*  This  Is  particularly  true  for  ocean 
biologists*  ^  ^ 

4*  Research  e)«ped1t1ons  In  regions  remote  froci  U*S*  shores  are 
becoming  very  difficult  to  plan  and  execute,  A  cruise  to  the 
Southern  or  Indian  Oceans  must  consist  of  up  to  ten  or  fifteen  or 
more  programs  each  occupying  two  to  four  weeks  of  ship  t1me«  In 
the  past»  such  cruises  have  been  a^ay  'roo  a  home  port  for  up  to 
tHo  years.  In  recent  years  several  ot  these  remote  expeditions 
have  been  badly  disrupted  because  programs  propo.^d  for  a  given  leg 
hdve  not  been  fun^d^*  This  ha'  forced  last  minute  schedule  changes 
fnd  even  temporary  lay  ups  foreign  port*  both  of  which  are 
costly  and  Inefficient^*  Such  difficulties  could  be  avoided  by 
planning  starting  some  two  to  three  years  ahead  of  the  operating 
year^*  Kowever,  meny  scientists  resist  the  early  submission  of 
proposals  because  ^  later  proposal  Is  aleeost  always  more  complete 
and  fs  likely  to  be  more  competitive.  Similarly^  because  of  the 
annual  cycle  of  Federal  fun<iing  and  because  they  have  an  obligation 
to  support  the  best  science  proposed  with  limited  funds,  agency 
program  jaanagers  are  reluctant  to  make  early  connltments.  The  net 
result  Is  that  ^  have  seen  a  marked  decline  In  e^edltions.  to 
remote  areas, 

St  As  costs  have  Increased  substantially  in  excess  of  available  funds, 
there  has  been  retrenchoient  in  both  manpower  and  facilities.  For 
example,  statistics  from  the  Oceanography  Division  of  the  MSF  show 
thAt  In  I960  they  were  supporting  ZC%  less  scientist  time  than  In 
197S,  Funding  for  new  modern  laboratory  equipment  as  well  as 
ships'  equipment  has  bf*  scarce  and  has  forced  the  continued  use 
of  older  less  efficient  '  ^Cilitles  with  larger  and  larger  amounts 
of  time  devoted  to  upkee  and  maintenance.  Ship  loaintenance  has 
heen  stretched  and  delayed,  not  to  the  point  of  seriously 
compr^^misJng  vessel  safety*  but  sufficiently  to  limit  the 
versatility  and  po  ^otfal  of  tnany  vessels. 
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6*  Perhaps  the  mst  stgnlHcant  lonj-tem  negattve  Impact  Is  tJje 
morale  problem  caused  by  worktng  harder  and  harder  for  less  and 
less.  AlUtough  It  Is  dffficuU  to  quantify,  there  fs  evi<?ence  that 
good  productive  researchers  are  leaving  acadetnfc  ocean  science  and 
promlsfng  young  scientists  are  not  entering.  The  ocean  science 
ccamnity  has  seen  20*  to  2S%  of  active  researchers  in  sirbmarfne 
^ology  and  geoptvslcs  leave  in  the  last  three  years  and^'Hhere  Is 
growing  concern  about  the  lack  of  new  high  qiraltty  graduate 
students^  particularly  fn  ocean  physics. 

To  some  extent  there  are  alreadly  fn  existence  programs  that  will 
alleviate  some  of  the  problems  and  not  all  of  the  retrencbmnt  has  been 
deleterious^*  For  example^  sooie  decrease  in  the  size  of  the  acadejoic  fleet 
from  1970  levels  Is  not  as  harmful  as  may  be  supposed*  Following  the  second 
World  war  oceanography  as  a  developing  discipline  was  very  largely  an 
exploratory  science.  He  ^d  to  find  out  *Vhat  the  ocean  is"  before  we  coirld 
start  to  ask  questions  about  "wtv  It  1s"«  The  exploratov?  mode  continued 
through  into  the  1960  s  a"*!  then>  as  more  data  becante  availahle,  there  has 
heen  a  gradual  transition  to  more  focused  programs  asking  specific  questions 
about  ocean  phenomena,  Mai>y  of  these  questions  can  be  answered  with  less 
at-  s^a  effort*  In  addition*  improvements  in  the  rate  of  data  acquisition 
have  occurred.  Moorings  set  to  collect  current  velocity  and  direction  data 
are  now  routinely  deployed  for  1  -  1  1/2  years  rather  than  for  the  tw(^  month 
periods  that  were  common  In  the  early  and  mid  1970*s.  Kodern  geoP^sical 
tools  such  as  multichannel  seismic  techniques  which  allow  geoptqr  si  cists  to 
probe  the  structure  of  the  subsea  floor  with  high  resolution  supply  enough 
data  in  one  month  to  keep  a  scientist  occupied  for  a  whole  year  particularly 
with  the  computer  facilities  that  are  available,  With  the  total  complement 
of  academic  ocean  sclerice  manpower  static  and  In  some  cases  declining  for 
the  last  several  years^  these  changes  and  the  evolution  of  the  science  have 
led  to  a  decreased  demand  for  ships,  ' 

Et  is,  however,  my  opinion  that  the  fleet  is  nowat  a  minifiii^)  levelj  for 
the  support  of  both  continued  progress  on  broader  muttldtsciPMnary  fronts 
and  to  allow  some  thrusts  that  are  essential  within  the  disciplinary  areas* 

advent  of  r.ew  technology  sdch  as  remote  sensing  of  the  ocean  surface 
by^  SffteUites  and  the  remote  sensiftg  of  the  acean  Interior  by  acoustic 
techniques  will  not>  over  the  foreseeable  future*  place  less  demand  on  ship 
tiflke.  In  fact  the  reverse  is  trire>  for  ship«  will  be  necessary  both  to 
check  remote  observation  techniques  while  they  are  in  developnient  stages  and 
to  conduct  exfieri-nents  that  may  allow  future  extensions  of  the  remote 
techniques  to  a  greater  range  of  ocean  P«x>pert1es  In  Any  ev^nt*  the  delays 
In  approval  of  ocean  satellites  Indicate  that  their  comon  use  as  ocean 
sensing  tools  is  unlikely  before  the  turn  of  the  centuvr. 
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Recent  funding  decisions  by  both  OMR  and  KSF  provide  "a  tight  at  the  end 
of  the  tunnel".  !n  isao  OUR  Initiated  a  series  of  special  research 
opportunities.  Included  in  these  were  conrnitments  to  midlife  refits  and 
ntAlntenance  for  those  vessels  Owned  by  the  Havy  and  the  DOO  Instrumentation 
Initiative  announced  last  year  »/111  have  an  fniportajtt  impact  on  the  quality 
of  tools  available  for  ocean  science  as  well  as  other  areas  of  scientific 
endeavor.  These  decisions  recognized  some  of  the  prob)&as  and  are  hl^ly 
laudable  but  they  do  not  tackle  the  root  of  the  problem  which  Is  support  for 
the  conduct  of  bask  research  pro9rams  at  acddenfc  institutions Au 
upgraded  and,  modern  vessel  Is  a  prime  reqijl rement  of  good  ocean  research  but 
It  is  not  particularly  useful  if  scientific  programs  cannot  be  developed  to 
use  it, 

4he  recently  announced  DNR  Special  Research  Initiatives  for  work  in  the 
South  Atlantic*  in  the  upper  ocean/atrao sphere  boundary  and  in  ocean 
biotummescencei  which  are  projected  to  start  in  Fiscal  Q4  to  &S>  promise  to 
provide  such  support  but  they  will  not  <Jo  so  unless  they  bring  new  funds 
rather  than  effect  ^  simple  transfer  out  of  the  already  greatly  (depleted  OHR 
c*re  Program  support. 

The  Fiscal  84  budget  of  MSf  with  its  emphasis  on  basic  science  support 
is  similarly  most  welcome  tt^*ts  although  among  the  larger  cotmurnlty  of  ocean 
scientists  t^^re  iSi  naturallyi  some  disappointment  that  the  ocean  sciences 
proposed  increase  of  9.9%  Is  less  than  half  of  that  in  other  earth  and 
planetary  sciences.  Moweveri  nost  realize  that  Initiatives  such  as  ocean 
drilling  and  others  that  ^fUl  he  required  in  the  future  do  not  cotne  without 
some  cost*  Kost  recognize  the  major  role  that  drilling  can  play  in  the 
developnicnt' of  our  understanding  of  the  history  of  ocean  Processes.  As  the 
only  tool  to  directly  sample  the  subsea  and  »/Uh  the  need  to  develop  further 
knowledge  on  the  structure  of  ocean  basins  and  continental  margins ,  to 
refine  the  earth '  s  recent  c1  littatic  hi  story  and  to  probe  the  new  crust 
forming  at  ocean  ridges  drilling  Is  an  irreplaceab>e  tool*  Keverthelesst 
ariy  new  Initiative  that  would  be  so  costly  as  to  subsume  the.  Orderly 
progress  of  ocean  science  on  many  of  the  broader  mul tidisciplinary  fronts 
would  be  detritnentai  to  ocean  science  and  the  nation, 

There  11  a  growing  recognition  among  acadcnfc  ocean  scientists  that  in 
the  likely  economic  conditions  Of  the  future^  we  must  learn  to  order  new 
^ajor  thrusts.  Owing  to  the  diversity  of  the  comrm/nlty  this  will  not  he  an 
easy  task  bt;t  the  process  has  started*  Its  development  must  be  nurtured  by 
co^nnunity  leaders  and  corm^unlty  organizations  svch  as  JOI  and  UMDLS  but  also 
^  by  the  r/atlonal  Acadeniy  of  Sciences  and  government  Atjenci'es  If  this  nation 
Is  to  maintain  a  leadership  role  In  the  developme*);  of  ocean  knowledge  and 
assessment  of  Its  potential  utilization  in  future  years* 
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Although  problems  with  funding  and  Inflation  have  ioeen  the  m^or 
concer'ns  of  academic  oceanographk  institutions  other  factors  have  not  b^en 
negtiglblen.  In  partlcuUr,  salary  and  soii:eMhat  Hmlted  opportunities  due  to 
funding  restrictions  have  provided  man^  institutions  with  difficulty  In 
hiring  high  quality  staffs.  Thi s  Is  true  particularly  in  the  areas  of 
geology  and  geop^Vsfcs  where  there  has.  In  fact*  been  a  net  movement  of 
established  productive  researchers  Into  the  oil  Industry.  Competition  tOr 
graduate  students  has  b«en  Particularly  severe^,  other  areas  witere  academic 
fnstftutfons  have  been  at  a  disadvanta9e  are  PhVslcs*  electronics  and 
endlneerlng^.  however «  the  current  economic  situation  and  the  decreased 
inflation  are  already  produc1n9  significant  increases  in  the  applications 
from  hl9h  quality  students  and  scientists. 

Some  difffcultles  have  arisen  from  the  maJor  grot^th  of  9overinTent  agency 
fn-hous^  laboratories  during  the  last  decade.  Although  the  applied  needs  of 
ruany  mission  agencies  must  be  met  by  th^lr  own  ifaff*  many  have  also  turned 
their  basic  research  programs  inwar>..i.  This  IS  particularly  true  of 
a9enc1es  such  as  NOAA  and  EPA  but  also  to  lesser  extents  with  f'OE  and  ONA. 
Where*  academic  bask  research  prograo^s  have  existed  the  continuity  of  the 
programs  has  often  b^en  threatened  or  disrupted  by  variations  in  the  fund1n9 
and  the  protection  of  in-house  interests^. 

A  problem  that  Is  apparently  growing  is  the  increased  difficulties  that 
are  ar1st>^  in  obtaining  clearances  to  work  in  foreign  waters^.  Sorne  of 
the  world's  ocean  lies  within  the  £00  (oile  limit  of  a  country,  Tlws 
recognition  of  the  potential  of  its  marine  realm  Is  growing  in  many 
countries.  T^y  wish*  and  indeed  have  the  right t  to  ocean  scientific 
research  information  produced  kitthin  their  ow.i  borc^erSn.  As  a  consequence 
more  detailed  clearance  requests  and  more  stringent  reporting  procedtires  are 
befng  demanded  before  clearances  are  issued  and  foreign  observers  on 
research  cruises  are  now  quite  coinmon. 

These  conditions  are  'lot  of  great  concern  but  they  do  increase  costs^.  A 
greater  problem  for  U.s*  marine  science  emerges  from  the  U^S,  stand  in  the 
Law  of  the  S^a  Treaty.  This  is  the  subject  of  several  continuing 
considerations  in  sections  of  the  marine  comnunttyt  funding  agencies  and  the 
State  Department. 

In  stimary/  althoug/i  the  recent  sli^ddm^;  /j^s  bean  towS^/  ttie  present 
Jecr6&s<*  Iti  inflation  cojft^incd  with  zh^  initiatives  of  OH?  and  th<r  proposed 
HSF  ifu<f9<?tJry  increase  offer  ^  consid^rabli  brighter  futwre.  I  hop^  that 
the  Congress  vill  not,  onJi;  fuJJy  SttPPOrt  the  ifSF  budget  for  fiSCAl  1984  i?wt 
will  aJso  r^co^mz^  the  key  r^l^  that  iasic  scientific  research  can  Pl&^  in 
leading  to  a  htgher  quality  of  in  both        intellectual  ^d  atit&rial 

sense*  In  tlits  reg<ird  the  Congress  could  ur^e  the  Navy  and  other  go^rn/n^nt 
agcnCie&  with  legLtitn^te  ocean  int^r^sts  to  ZQco^nize  and  ase  th&  resources 
<>f  otir  {icjdemic  Occ^ftogt^^ic  lustit^tious  for  the  r>nduc;£  of  ha^ic  resaatch 
appli^  to  Vietr  jnissions.  Xhe  ^rounLry,  the  ag<*ncie^t  the  institutions  ^nd 
tho  scioiMtiifts  vould  jji  bcnetit* 
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Mr.  Wau;hkn  Thiiiik  >t>ii  very  fnuch,  Dr.  Spencer.  It  seems  that 
is  analogous  to  the  in^^trumi'ntatlon  prubleni  in  other  areas  of  edu* 
cation  I  know  that  is  a  balancing  act  that  is  just  going  to  have  to 
be  gone  through. 

Your  comment  about  new  initiatives  that  might  be  so  costly  as  to 
£;ubsume  the  support  for  basic  research  would  be  extremely  detri* 
mental,  do  we  anticipate  those  ntjw  initiatives  at  this  point.  Can 
you  see  them  coming? 

Dr  Spknckh  Mr.  Chairmaiit  I  would  believe  that  the  particular 
issue  that  we  have  been  considering  here  as  far  as  ocean  drilliag  is 
concerned  could  possibly  have  done  so.  The  alternative  that  has 
been  proposed  for  a  commercial  drilling  vessel  appears  to  be  ver> 
reasonable  This  appears  to  be  an  appropriate  time.  The  levels  of 
support  that  are  being  requested  for  an  ongoing  drilling  program, 
particularly  with  the  possibility  of  some  50  percent  of  the  support 
coming  from  foreign  contributors  are  acceptable  and,  at  that  level 
ocean  drilling  is  a  bargain.  Cost  at  the  level  that  may  have  been 
necessary  for  the  Explorer,  particularly  if  they  had  all  been  put 
agamst  ocean  sciences*  are  untenable. 

Mr  Walgken  Just  so  that  I  understand,  we  are  proceeding  at 
less  of  a  level  than  anticipated  under  Exploren  is  that  correct.  Dr. 
Drake? 

Dr  Dkakk  The  Explorer,  as  Dr.  Knapp  said,  would  have  fron* 
tend  costs  on  the  order  of  $90  million  or  so.  If  you  spread  this  over 
10  years,  that  number  is  not  so  excessive.  If  you  spread  it  far 
enough,  the  cost  of  the  Explorer  does  not  seem  to  be  as  high  as  if 
you  deal  with  it  for  a  shorter  period  of  time.  The  front^nd  cost  to 
equip  a  commercial  vessel  or  to  refurbish  Challenger  are  more  or 
less  comparable  and  considerably  less,  like  10  percent  df  the  cost  of 
converting  the  Explorer. 

Mr.  Walgren.  Ten  percent  of  the  total? 

Dr.  Drake.  Yes- 

Mr.  Walghen.  What  do  we  give  up  hy  giving  up  the  Explorer*! 
You  indicated  that  the  first  scientific  choice  would  be  the  Explorer, 
but  given  budget  constraints  another  vessel  might  be  a  better 
choice. 

Dr  Drake  One  of  the  major  reasons  the  ^jcnforer  was  considered 
in  the  first  place  was  for  the  ocean  margin  drilling  program.  The 
concept  of  this  program  was  one  in  which  indasti^  would  contrib* 
ute  half  and  the  Government  itself  would  contribute  half.  That  was 
a  very  expensive  program,  because  it  meant  engineering  costs  of 
developing  and  building  riser  and  then  being  able  to  handle  riser 
in  very  deep  water,  considerably  deeper  than  it  has  ever  been  han* 
died  before  So  it  was  a  major  technological  development  job,  as 
well  as  a  very  expensive  proposition* 

What  we  would  lose  would  be  the  ab!lit>  to  drill  controlled  holes 
in  deep  sediments  and  water  over  6,000  feet  deep.  But  I  go  again  to 
the  chairman  of  the  COSOD  repoit,  the  Conference  on  Scientific 
Ocean  Drilling,  who  took  note  ot  the  %ct  that  almost  everything 
that  they  propose  as  a  scientific  challenge  the  drill  could  be  applied 
to  could  be  done  on  the  vessel  we  are  talking  about. 

Mr  Walgren.  Is  there  a  report— perhaps  that  is  the  one— that 
tries  to  relate  these  various  researcn  opportunities  in  the  Earth 
and  its  crust? 
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Ur  Duakk.  You  refrrrtHi  iu  a  ruport  before.  There  was  a  prelimi- 
nary reporti  which  I  beliuve  js  in  the  hands  of  the  National  Science 
Foundation,  from  the  Geological  Sciences  Board,  and  there  is  a 
more  detailed  report  under  preparation  which  should  be  completed 
very  soon.  I  sit  on  that  committee  as  well  as  this  other  one,  so  I 
know  what  the  major  thrusts  are  in  that  report.  The  major  thrusts 
in  that  report  included  most  of  the  things  that  were  discussed  by 
the  ad  hoc  committee  that  I  dealt  with.  Because  that  report  was 
responding  specifically  to  the  earth  sciences  division,  rather  than 
both  earth  and  uct*an  bciencus,  there  were  some  things  like  paleo- 
ceaiiography,  paleoclimatology,  the  use  of  the  hydraulic  piston 
corer,  and  so  forth  that  were  not  specifically  in  that  report;  but 
that  should  be  forthcoming  in  the  near  future. 

I  should  also  note  tdat  there  are  about  a  dozen  reports  which  are 
related  to  crubtal  stqdies,  ocean  drilling,  and  what  have  you.  There 
IS  no  disagreement  among  any  of  these  reports  about  the  major 
thrusts.  Each  of  the  committees  that  examine  the  situation  had  a 
sjlightly  different  charge  and  responded  to  the  specific  charge  But 
if  you  look  f^r  the  common  ground,  you  find  that  it  is  indeed  there; 
we  are  not  going  off  in  a  bunch  of  directions,  and  there  are  a 
number  of  very  specific  thrusts  that  are  common  to  all  these  re- 
ports- 

Mr  WAiAiitKN.  Dr.  Nierenberg,  you  talked  about  climate.  It 
struck  nie  that  there  wab  some  indication  that  the  ocean  sciences 
division  may  not  be  as  climate  oriented— and  I  do  not  know  that 
for  a  fact,  but  the  suggestion  has  been  made,  as  it  ought  to  be.  Is 
there  some  comment  you  can  make  in  that  are^? 

Dr  NrERKNBERG-  I  do  not  know  if  I  can  make  a  useful  one.  We 
are  certainly  oriented  that  way.  I  really  am  unable  to  separate 
ocean  climate  from  atmospheric  climate.  They  are  one  and  the 
same, 

Mr  WalgrKn.  But  is  NSF  oriented  jn  the  right  way? 

Dr.  NiEinKNBERG.  The  answer,  I  suppose,  is  yes  and  no.  Now  you 
get  us  into  an  interdisciplinary  argument.  I  think  the  ocean  NSF 
IS.  I  think  the^  understand  fully,  even  though  they  do  not  necessai^ 
ily  articulate  it,  because  physically  oceanography  is  supported  es- 
sentially on  the  basis  of  uncovering  what  is  needed  in  oceanic  cli- 
mate. 

As  an  example,  they  are  dealing  with  mesoscale  eddies  and  struc- 
ture of  the  upper  oceans,  and  related  questions, 

I  think  the  problem  is  more  not  so  much  bureaucracy  as  i(  has 
been  the  disciplines,.  My  distinguished  colleagues  call  themselves 
meteorologists  have,  for  many  >ears,  been  very  slow  in  recognizing 
the  fact  that  the  origin  of  their  subject  is  in  the  oceans.  It  is  a  com- 
plicated subject.  They  are  now.  I  just  sat  in  a  meeting  of  the  cli- 
mate board  of  the  National  Academy  of  Sciences,  and  I  was  quite 
surprised  to  hear  how  much  discussion  was  taking  place  with 
regard  to  oceanic  measurements- 

I  think  the  problem  is  always  money.  I  really  referred  to  it  in  a 


more,  I  tnmk  the  problem  comes  out  that  we  live  on  land,  and  ac- 
tually a  great  bulk  of  the  data  that  is  used  by  atmospheric  scien- 
tists are  measurements  that  are  made  for  other  purposes.  They  are 
not  made  for  meteorology.  I  am  a  pilot  myself,  and  I  know  that 


version 


want  to  say 
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about  90  percent  of  the  temperature  measurements  are  made  for 
landing  airplanes  at  airports  at  the  level  of  the  airplane  and  for 
keeping  airplanes  from  colUoing  at  altitude.  Those  form  a  tremen- 
dous bank  of  numbers  that  are  used  by  the  atmospheric  scientists. 

The  weakness  is,  of  course,  they  are  not  made  over  the  oce^n. 
Making  the  same  measurements  over  the  ocean  are  ver>  expensive 
for  the  same  densit>  of  observations.  That  is  a  reall>  fundamental 
weakness,  and  the  only  way  out  of  it  is  to  pay  the  price  and  make 
the  measurements.  The  disparity  is  not  as  great  as  it  would  seem 
Even  atmospheric  scientists  make  do  with  what  they  can  get. 

Please  recall  that  I  made  my  complaint  earlier  about  the  fact 
that  we  do  not  have  an  oceanic  satellite,  so  we  are  using  the  meas- 
urements from  satellites  that  are  bein^  made  for  other  purposes, 
such  as  Landsat,  meteorological  satellites  and  so  on.  In  the  same 
way,  meteorologists  have  to  use  measurements  that  are  made  for 
other  purposes  So  there  is  a  natural  diversion  of  attention  in  that 
direction,  and  that  has  been  most  unfortunate. 

I  have  no  complaint  really*  even  though  I  am  very  advocate  of 
the  subject,  as  pfou  can  see,  about  the  focus  of  the  oceanic  division 
of  the  National  ix;**nce  Foundation.  They  perhaps  could  be  more 
explicit  and  articulate,  but  it  would  not  get  them  more  money,  do  1 
think*  to  do  what  they  have  done. 

Mr  Walgrkn  Do  you  folks  see  opportunities  for  research  along 
the  lines  that  Dr.  Cousteau  was  su^sting,  where  >ou  can  inte- 
grate the  human  factors  with  the  finite  physical  data  that  you  are 
looking  at? 

Dr  NiERENBEKG,  Mr,  Chairman,  you  people  sitting  on  the  other 
side  are  much  more  expert  in  integrating  those  factors  than  we  are 
when  it  comes  right  down  to  it.  I  sit  on  committees.  I  am  the  chair- 
man of  the  carbon  dioxide  committee,  authorized  hy  the  Congress^ 
working  through  the  National  Academy  of  Sciences,  t  am  sittir^  on 
a  peer  review  committee  that  The  White  House  has  asked  me  to  do 
for  the  joint  Canadian-American  acid  rain  problem,  for  example 
and  that  teaches  me  that  that  is  the  most  difficult  part  of  the  prob- 
lem Exactly  how  you  do  research  on  that  class  ofproblem  is  very 
difficult  indeed  I  do  not  know  what  my  colleagues  might  say  about 
it. 

Dr  Drake.  I  agree  totally.  One  of  the  difficulties  we  all  face  is 
that  you  are  dealing  with  one  world,  as  Cousteau  said,  yet  in  order 
to  handle  it  we  have  to  divide  it  up  into  packages.  We  have  this 
problem  at  universities,  getting  departments  to  work  together  be- 
cause each  department  tends  to  get  focused  on  its  own  discipline— 
and  rightljr  so— and  to  neglect  the  interfaces  with  other  disciplines. 
It  is  a  terrible  problem.  1  agree  with  Cousteau  on  that.  It  is  a  very 
difficult  one  to  handle. 

Dr.  Spenceu  If  I  might  add,  Mr.  Chairman,  I  think  it  would  be 
very  difficult  at  this  time  to  propose  a  specific  program  that  one 
could  be  confident  would  lead  to  mgjor  progress  in  the  interrela- 
tionships between  many  of  the  disciplinary  areas  that  Captain 
Cousteau  was  talking  about.  This  does  not  mean,  however,  that 
there  is  not  some  prepress  being  made  toward  these  olgectives. 

Many  oceanographic  institutions  at  this  time  havu  somewhat 
small  programs  in  the  areas  of  mr.rine  policy  and  ocean  manage- 
ment, where  economists,  lawyers,  a nthropol exists,  and  other  indi- 
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victuals  are  at  fin  institutjon  working  with  the  marine  scientists 
and  considering  the  implications  or  marine  science  in  areas  beyond 
the  traditional  boundaries-  I  still  think,  however,  we  have  a  long 
way  to  go  beTore  we  reach  the  idea  that  Captain  Cousteau  was  talk- 
ing about. 

Dr.  NiEUBNBERo,  If  I  could  make  one  last  pessimistic  remark  on 
the  subject,  I  agree  completely  with  Dr  Spencer  We  are  making 
that  eiiort,  and  I  think  that  the  m^or  oceanographic  institutions 
could  very  well  be  proud  of  their  record  for  recognizing  the  prob- 
lem a  long  time  ago,  the  one  that  was  mentioned  by  Jacques  Cons- 
teau.  We  have  even  invested  our  own  money  starting  institutes  and 
organizations  of  the  kind  he  describes. 

As  I  look  back  at  the  last  15  years  of  our  efforts  and  the  efforts 
of  other  groups,  while  we  have  some  successes  in  certain  areast  I 
just  see  the  gap  widen.  In  other  words>  I  think  we  are  losing 
ground.  The  problems  are  coming  at  a  rate  and  an  intensity  that 
seems  faster  than — let  me  use  the  word  loosely — our  social  science 
ability  seems  capable  of  coping  and  developing/ 

I  have  consulted  with  some  colleagues  and  sociologists,  whom  I 
respect  a  great  deal  They  have  given  me  the  impression  that  they 
have  the  same  feeling  in  much  broader  areas  of  human  endeavors 

Mr.  WALGRtiN.  That  would  indicate  that  there  is  an  effort  in  the 
social  sciences  that  has  to  be  made, 

I  would  like  to  recognize  the  gentleman  from  New  Hampshire, 
Mr.  Gregg. 

Mn  Gregg.  Thank  you,  Mr.  Chairman.  I  want  to  apologize  to  our 
distinguished  panel  for  being  unable  to  be  here  for  the  core  of  your 
testimony,  if  I  may  use  that  term.  I  especially  appreciate  Dr.  Drake 
being  here,  an  honored  scholar  from  Dartmouth  Cdllegje  in  New 
Hampshire.  Our  chairman  also  is  one  of  Dartmouth's  finest,  and 
we  are  very  lucky  to  have  so  many  high-quality  people  participat- 
ing in  the  Uovernment  today  from  Dartmouth. 

I  just  want  to  emphasize  that  I  will  look  forward  to  reading  the 
presentations  of  the  panel  and  that  I  support  the  ocean  drilling 
programs  and  wish  you  success  in  continuing  these  programs. 
Thank  you,  Mr.  Chairman. 

Mr.  Walgren.  Thank  you,  Mr.  Gregg*  There  are  a  lot  of  small 
institutions  out  there,  and  there  are  some  of  us  who  like  them  very 
much,  and  we  do  not  want  to  see  them  overwhelmed  by  others. 

Dn  Drake,  I  think  Daniel  Webster  said  that* 

Mr.  Walgren.  Thank  you  very  much.  We  appreciate  your  prps- 
ence. 

The  last  witnesses-^and  I  apologize  for  the  time  that  has  gone 
by— are  Dr.  Geoige  Field,  chairman  of  the  National  Academy  of 
Sciences^  Committee  on  Astronomy,  and  Dr.  Arthur  Cdde,  president 
of  the  American  Astronomical  Society. 

We  will  start  with  Dr.  Code*  if  we  can.  Again,  written  statements 
will  be  made  part  of  the  record.  Please  summarize  or  proceed  with 
some  dispatch  in  view  of  the  hour;  but  we  are  here  to  listen  to  you^ 
so  please  proceed. 

[The  biographical  sketch  of  Dr.  Code  follows:] 
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torn  Atfjust  13,  t^2);  tJcVJO'^lyni  tk^..  V<5rk.    Ph.O.  (A^tronocTy^  AitiOphyfiics) 
yaivot*ity  of  Oii&i'jO,  BW*    Tn&trm:Wt       ^L^UvrtxV;  ytiiveraity  of  Virginia, 
1549"50.    Tn3tru;tori  Urtivoiijity  of  LJiMon:,ift  nS0-S2f  Assistant  ProfessoC*  l95Z-56f 
Associate  Prof^?try:>t  <>f  AijlJopliy^ii,^,  Cali-roinid  InstlUJtc  of  Toclv^logy  and  Staff 
Mrjiticr,    MofsJ^t  Wilson  -and  Palcnor  Otsen?atori<^i  Pt&fes^or  of  Aatrononyi 

Dirf^toC  of  tashtum  Ci>Kirv3iOEy#  ;tnd  ChaLcnwin  of  Dt'partnent  of  J\jtranoryi  University 
of  i;i;:wnsini  Joel  SttjfclJUis  Professor  of  ^Vtroroni/i  Uniwrsity  Ot  VJisoonsin 

1970-30:  lULldilC  Oiatinguishoa  rcK>iv^j:}Zt  Utuversity  of  Ijiscorisin  1900-  -  Viaiting 
Asu^irEircr  Kitt  Poak  tlatn?nal  ObscrVatDry,  IJSI  ar>d  1969#  Cerro  TVoloJo  Intcr-^jrviriCiin 
(?L-;i^rv,itjo5V  1^7*>.   AgtJUitj  Director  Sjsioe  Tieiesoopc  Science  Institute  1931. 

Hos^rch  intticobt  inclodc  apcctroFhobometry  of  stars  ^and  gala<y,  radiative 
tr-amfCr  tl^^ryi  ^snJ  ultraviolet  spico  cb:iorvati<5rK&  <5f  starS  wid  galAitioc.    code  was 
priJv^ifAil  in-/^^3ttfjritoc  for  the  Oibitiiitj  Astronomical  Observatory  tofV)-^2) .   The  <W> 

lau^.C^ied  Deoenixir  7,  19^8^  the  fiist  o£>tical  obscrvat£>tfi'  iji  space*  3ind  fiinctiOr*irf 
successful*/  for  noro  than  four  yoirs,  Kjtun^ii^  Fu^h  now  data  On  the  brightness 
o£  planets^  stt^rsi  atij  ^ala:<i<^  in  the  ultrAvjotet.    tit^  ^.s  author  aFpro^i;Tvitely 
100  scientific  papers  <5n  res<»rch  in  astrophysics  and  space  -astroncmy* 

«e  tvis  Mrvod  on  a  variety  of  national  caimittees  and  panels  including  the 

Astroncra/  Missuons  Btwrdi  oixJ  served  as  Chapman  <5f  the  toerd  of  Directors  Of 
AUi^A,  Tnc^  (which  <5perate3  the  Kitt  Pojk  National  Observat&cy)  froso  157S"80*  ite 
IS  currently  the  Prc3i42:»nt  of  the  A;Tiirican  Astroroavical  SociCt/^   A  wvsrber  of  the 
U.S.  National  Acadcnv  of  Science^;  Ar^ican  Acadcrr^  of  Arts  an!  Sciences  and  the 
interivitt<Ki:il  Acadcsy  of  Astroiiautica.    Coie  ^is  the  tecij>lent  Of  the  tc\S?V  ruibiic 
£>M:v)ce  i<,nrd  in  197<l;  'ind  the  prof^ru^ior^il  jVh^  evfnvsnt  J^rfjrdj  Dnivotr>ity  of 
Chicago  Altrrti  A:;soci^tiiJn  it\  1971* 
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Mr..CoDE.  Thank  you,  Mr.  Chairman. 

During  the  last  two  decades,  astronomy  has  witnessed  an  unprec- 
edented growth  of  discovery  and  exciting  ideas,  the  roots  of  which 
lie  in  our  ability  to  explore  the  entire  electromagnetic  spectrum, 
from  radio  through  infrared  optical,  ultraviolet,  and  X-ray, 

I  would  first  like  to  share  with  you  a  brief  account  of  the  picture 
of  the  univeise  that  has  emei^ged  from  these  advances  ^i^d  then  in 
dicate  the  directions  in  which  future  research  may  go. 

On  a  clean  dark  night,  the  sky  above  us  looks  much  as  depicted 
on  the  first  slide  that  I  have  brought  E^ch  star  that  we  see  is  a 
hot,  gaseous  sphere  like  our  Sun.  Like  our  Sun,  in  the  deep  interior 
of  these  stars,  thermonuclear  reactions  go  on  producing  light  we 
see,  and  transforming  hydrogen  to  helium  in  the  interior  of  the 
stars  to  heavier  elements. 

With  a  large  optical  telescope,  if  you  look  carefully  at  that  previ- 
ous picture,  you  would  have  seen  a  bright  band  running  across  the 
sky,  the  Milky  Way.  We  live  in  a  system  called  a  galaxy,  and  the 
Milky  Way  is  the  edge  of  that  galaxy.  With  a  large  optical  tele- 
scope, we  see  as  many  galaxies  as  stars^  and  in  this  slide  we  see  a 
giant  spiral  galaxy  similar  to  the  system  that  we  live  in.  At  great 
distance&^  we  see  the  galaxies  cluster,  like  the  stars  cluster  within 
individual  galaxies.  The  next  slide  shows  such  a  cluster. 

Stars  and  galaxies  are  formed  from  clouds  of  gas  and  dust  within 
the  galaxies.  The  galaxies  themselves  are  condensed  from  larger 
clouds  of  pnmordal  gas.  At  great  distances,  we  look  back  in  time. 
This  is  due  to  the  finite  velocity  of  light.  This  look  back  into  the 
pdi»t  provider  clues  to  the  origin  and  evolution  of  our  vast  universe^ 
bo  vast  that  the  light  we  see  left  the  most  distant  galaxies  several 
billion  yearb  ago.  If  we  apply  our  traditional  technique  of  measur- 
ingWelocity  by  use  of  the  doppler  shift,  we  find  that  all  of  these 
galaxies  are  rushing  away  from  us  or,  to  be  less  parochial^  from 
each  other. 

The  more  distant  the  galaxy,  the  larger  its  velocity  of  recession. 
This  is  the  property  characteristic  of  an  expanding  universe.  Evi- 
dently then,  at  an  earlier  time,  these  galaxies  were  all  much  closer 
together.  If  we  turn  the  clock  back^  that  is  reverse  the  velocities, 
the  data  suggest  an  early  phase  some  10  billion  years  ago  when  all 
matter  and  radiation  were  compressed  into  a  dense,  hot,  primordal 
soup.  The  events  that  followed  that  high-density  state  are  what  as- 
tronomers call  the  Big  Bang  universe. 

Many  features  of  IJiis  dynamic  world  picture  are  still  shrouded  in 
mystery.  There  are  many  fascinating  features  wjiich  have  been 
studied  in  detail.  I  have  included  in  mv  written  st£^ment  a  figure 
describing  some  features  of  the  early  history  of  the  Big  Bang  uni- 
verse and  have  discussed  it  in  somewhat  more  detail  there  than 
time  here  permits.  I  do,  however,  wish  to  highlight  several  features 
discussed  there. 

At  a  very  early  stage,  hydrogen,  helium,  and  deuterium  were 
formed.  That  early  stage  was  about  one  hour  after  the  start  of  the 
Big  Bang.  The  current  abundance  of  deuterium  or  heavy  hydrogen 
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ii»  i.i  fuio^il  ifiiiuaiit  o(  tlifb  ejii>  sta^,  one  uf  tlie  ways  we  can  see 
back  that 

Abuut  I  million  >L*ar&  artt'i  the  Big  Bang,  matter  became  trans- 
parent to  light,  and  light  could  tht^n  move  fieely  across  the  uni- 
verse, Tliis  first  view  of  the  primordal  (Ireball  is  observt^d  in  the 
maruwave  regiun*  and  lib  discovery  was  a  crucial  argument  in 
favur  ot  the  Big  Bang  stVnari&i  Net  until  some  100  million  years 
l<jtcr  did  galaxieb  and  starii  begin  to  Jbrfn  from  the  initial  hydrcgeii 
and  helim  clouds. 

In  the  hut  intenurs  <jf  staist  thermal  nuek'ar  reactions  go  on  pro- 
ducing the  light  ue  ^trt:  fr^^^n  these  stars,  Thvse  thermal  nuclear^e- 
attiono  transform  some  of  the  initial  hydrogen  and  helium  into^ 
heavy  elements.  Later  generations  of  stars  have  condensed  from* 
this  enriched  gas.  and  on  some  planets,  circling  stars  like  our  Sun, 
the  earbon,  oxygen*  and  nitro^^en  atoms  through  the  womb  of  time 
have  evolved  into  complex  self  replicating  life  forms.  So  it  is  that 
the  primordal  hydrogen  atoms  arranged  themselves  in  such  forms  as 
we  so  that  they  can  ask  from  whence  they  came, 

Tlii,s  ii)  the  story  I  wanted  to  tell  because  I  believe  i*  is  a  fair  ac- 
count ^f  the  arena  in  which  modern  astrophysics  is  sel,  and  the  op- 
portunities to  participate  in  this  intellectual  adventure  are  perhaps 
the  best  argument  1  can  advance  to  you  for  a  national  program  in 
astrononucal  reseaah,  I  know>  too,  that  astronomy, captures  the 
imagination  of  the  layman,  and  some  of  the  recent  discoveries— 
ifuasars,  pulsars,  and  blai;k  holes-  are  household  words.  Astronomy 
Is  also  a  close  international  community*  in  which  U,S,  astronomers 
play  a  leading  role.  Astronomy  ib  too  a  technologically  oriented 
eOort,  and  the  training  and  expertise  that  have  developed  have  had 
their  impact  in  many  other  areas. 

Earlier  I  stated  the  current  explosion  in  astronomical  knowledge 
has  rebulted  from  uur  ability  to  span  the  entire  electromagnetic 
spectrum^  from  radio  waves  to  X-rays,  The  radiotelescope  reveals  a 
very  dilTerent  universe  than  does  an  optical  telescope,  while  obser- 
vations from  spaee  of  X-rays  shows  us  the  high-energy  phenomena. 
Only  by  (jutting  together  all  this  information  do  we  get  a  compre- 
hensive picture*  and  1  would  like  to  illustrate. 

The  cluster  of  galaxies  that  you  saw  earlier,  viewed  in  the  X-ray 
region,  is  shown  on  the  next  slide.  This  is  the  same  cluster,  and 
what  we  see  is  simply  a  hot  intergalactic  medium  in  which  the  gal- 
axies are  embedded. 

If  we  look  at  bright  radio  galaxies  in  the  radio  re^jion*  we  often 
see  very  large  lobes,  much  larger  than  the  starfilled  disc  of  a 
galaxy. 

The  next  slide  shows  a  detail  of  the  central  part  of  these  lobes. 
The  galaxy  itself  ii>  about  one-third  the  si/e  of  this  picture.  The 
lob*^  Itself  extends  out  many  times  further  than  this.  This  is  a  pic- 
ture that  showsr  however,  the  inner  details  of  these  trailing  lobes 
and  was  obtained  with  the  Very  Large  Array  recently  put  into  op- 
eration. The  lube^  are  trailing  because  the  galaxy  that  we  know 
about  from  the  op*  \;al  region  is  moving  through  the  intergalactic 
medium  showed  by  the  X  ray.  We  could  not  have  put  this  picture 
to^jether  without—— 

Mr,  Walguen*  Excuse  me>  doctor.  How  far  away  is  that? 
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Dr*  Code,  Thb*  ^'aliixy  in  72  million  parsecs,  so  that  is  200  million 
light  years.  Light  lef  t  it  200  million  years  ago. 

This  is  just  an  illustration  of  how  we  could  not  know  without 
putting  things  together  like  this.  In  formulating  the  pr<^ram  for 
the  1980's  that  Dr-  Field  will  refer  to,  you  will  see  that  it  is  clear 
that  an  integrated  program  does  indeed  span  the  entire  electro- 
magnetic spectruip. 

I  will  only  make  a  couple  of  brief  comments  with  respect  to  the 
NSF  program,  because  I  think  it  is  responsive  to  the  report  and 
George  Fjeld  will  talk  more  about  it.  I  think  the  thing  that  I  had 
best  say  is  on  behalf  of  the  American  Astronomical  Society,  that 
the  Astronomy  Survey  Committee  report  and  the  programs  based 
on  that  NSF  is  formulating  are  the  consensus  of  the  astronomical 
community.  Many  society  members—and  the  American  Astronomi- 
cal Society  consists  of  about  3,800  members— participated  in  the  de- 
velopment of  that  program. 

Second,  the  American  Astronomical  Society  is  very  pleased  with 
the  efforts  of  Dr-  Knapp  and  the  NSF  staff  to  promote  astronomical 
research  and  are  pleased  with  the  favorable  reception  of  this 
deuide  report-  Finally,  the  Astronomical  community  recognizes  the 
responsibility  that  these  opportunities  impose— namely,  a  responsi- 
bility to  utili^^  these  tools  as  effectively  and  efficiently  as  possible, 
and  we  accept  that  responsibility. 

The  society  also  has  a  committee  on  astronomy  and  public  policy, 
and  either  through  that  committee  or  the  officers,  we  stand  ready 
to  provide  whatever  assistance  you  may  wish  at  a  further  time. 
Thank  you. 

(The  prepared  statement  of  Dr.  Code  follows:] 
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Hy  li^ne  is  Arthur  Cod^*  I  ^Jn  d  profeisoi  oJ  /^ironwny  ijn<t 
Asiro(^))ysics  dt  thi:  Univi^rsity  Uisconsin,  Cjrr^ntly  1  svrve 
iTOiHent  of  ihe  A;iericjn  Astn      nCdl  Sucii^ty^  iha  prioi^ry  prof c^s i unal 

iJ>di  ''ole  ihji  I  jjipvdr  Uarv  Lottdy. 

Ouriti^  the  Idst  Cf^a  di^cddcs  JSiruncuj  jid^  ^ittni^^^^d  an  jn^ri^ccdi^nivd 
tjrortlh  oi  discover/  dnj  CACitmtfnt  *>f  idOdS^  ihtf  roois  ojr  which  lie  in  ogr 
dbllity  io  ^j^ploro  ihv  fntJfC  elvctro  u^jfiet  )<;  spectrum  from  tJie  mdlo 
rt:<jion  ihr^uijh  lUv  infrjrtd^  ohlicjK  ullrdvlvloi  and  J^-rJy*    On<*  i^^^dsure 
of  iiiis  (irOkith  can  be  found  \u  tke  ten.fuld  incrvdsc  in  ihv  donudl 
dsir^nu<;tUd1  pobliCdtion  uut^tot  over  tfils  iWjie.     In  tnis  same  POriod  ihe 
Hunter  of  rcsedrtn  astrunuutirs  hdS  »jrunn  t>y  a  fdttgr  Ot  *We*    In  conir^st 
io  these  figures  ''esfjdrch  fJCilities^  as  rje^sured  by  tlic  *nci4?d*e  in 
ie1<r$<ope  ct>1U*cL1mj  dri^dr  l^dve  <^;(p4nU<^d  by  only  d  fdCtor  of  two  dnd 
onc.hdlf*  dlihoo^h  ti^^hiiulLiijIcdl  t^dvuriT^^s  hdv^  vndbUd  dsironci»iCTS  io 
utilise  Um^Q  fdCi1iti4:$  r.'urv  effKu^ntly. 

I  would  to  siidrv  with  you  d  trrief  dCcouni  of  the  picture  of  ihe 

universe  thdt  hds  t.'fner<j«U  fru^  th^^e  ddvdnces  dnd  then  indicdtv  th« 
directions  in  i^htch  fuiare  re^edrcn  f^dy  take. 

If  lie  loo^  up  into  d  cledr  dark  oliihi,  we  ^4;^  the  jnuUiiude 

of  sidrs  snloin^       pinpuinls  of  U^nt.    Asircin^^t;iers  hd^ti  lo^rovd  from  the 
st^*dy  \)f  IIj©  liijht  from  thtse  suurCfS*  *>OHev(ir*  their  distdrLf*s*  5iZe5> 
mdssc^  *  dnd  chejiKdl  i'OM^osition  (in<t  hd^e  insight  into  thoir  f\>rndtiOn  and 
ipSotuton*  ^dch  sidr  wC  see  is  d  lioi  ^d&oaus  ^pherf^  like  our  sjn  cOmposf^d  of 
hydrujtfni  uvltum  dnd  lessor  dntounts  of  dU  the  4j'hvr  fj^ilidr  clii;»nicdl 
vlt.N,:ivnis*    A  closer  vii?u  uuitU  fiL-vi^dl  lIou'IS  of         (rOm  niiUh  clusters  of 
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^tors  4re  f^^mo^  Ausf  oftO  IJi  IhL'  ^^t^l.    H^ny       Iht^^e  ;»tjrs  Hve  fjut  their 
Hv^rs  burning  nudedr  fuel  jnd  returning  O^s  to  thu  tntcr^l  el  1  ^tr  nediui:). 
bjc  live  in  d  sidr  systeri  edited  d  ^dlaj^y.    If  you  tooX  cdrcftill^  yf^u  see  ^ 
[jrlgtit  bdnO,  iho  rtUJty  Way  runnmy  across  the  sXy.    This  Is  Lhe  edye  of  0(ir 
splrdt  ^dlktxy.    A  idrrje  Qptlcdl  tCleSLupc  show^  ds  ^dny  ^dtdxlos  ds  stdrs. 
The  tdr^jer  K>f  tln'se  ^dUj(1e$  cuhLdtn  sone  lOQ  UlUif^n  s^jrst  dn  Gijudt 
^{.tuun^  of  lnlCraton<ir  iJu^t         tJdS  dhd  d  turik^i^u^  t;j(tun^c<i  envelope  visible 
to  rddio  telescope*.    A    u<i  look  bey^)nd  t-he  locdl  n^njhburhood  of  y*ldxies 
w^r  ^oe  thdt  ^idldxies  ^U^t^r  too.    For  ^^dldxics  th^^usclves  condensed  Out  of 
Idrtjer  ttooJ^' of  ^iifr^o^Jldl  <jjs.  f\l  ijrudt  Ut^t^iiices  w«  look  NCk  In  tine. 
This  IS  <iui;  to  Lho  flnit-e  v<?tOLKy  of  ttt^ht,  diid  thi^  look  t>dck  into  IhC 
|)jst  pro^lde^  clOL'S  to  llie  on^^ln  dnd  evototion  of  Our  vdst  universe.  So 
vj^t  thdl  ttiv  hjtil  M«  j««  Uft  tliC  hiost  distant  {idJdA|es  several  btlTton 
yeors  d^>o.     If  k<c  our  trdUitlundT  tedmiqoc  for  ^aedsonntj  vc1o<^Klos 

by  Lhe  «ie  uf  the  doj^pler  ^nift^  we  find  thrtt  ill  of  thC^C  ydldxios  ^re 
rtshlnti  jHdy  fjvf  i^:*  or*  tu  bt  lo^^  i*orotiiUl,  from  tdCh  Othur*    The  mOre 
cHstdnt  the  UoUxy.  the  lorger  is  Jti  velocity  of  rctosiion*  d  propw'-t^ 
clt-iroc ttrr  1  stK  of  dn  fjcpdndlny  univ«r^u«    EvUentlr  thon^  ot  an  edrticr 
tine  these  ^dldxi«s  Here  d11  nuch  closer  to^juther*     If       turn  the  clock 
t>dcXr  that  IS  rt'vt^rso  the  velouUiesr  tn':  ddtd  su^^'iCsts  dii  odrty  pridse^ 
su»ie  iO  biMun  y^^ors  dyo »  ^hen  dTI  judttor  and  r^diotion  wore  conpres^ed 
into  0  duu^tr  tiot  t>riniVrJid1  sOup.     The  events  th^t    ^tloued  thot  hiUh 
dt'flSJty  >tjt(,^  jre  whJt  ^j^t j-^jjumi?! s  ljJI  tne  biy  i>J«a  univtrse*  While  ^ndhy 
fejture>  of  tJils  -J>rtjit>t>-  H^^fld  ►m-t^iro  dre  >tiU  shrci^jde<J  in  myviery  tln;re 
dre  '^^ny  f  ri^v  i  n^tt  I  n^j  ft^turt'j  ^in^h  hdvo  bevn  siudied  in  jetdiK  Tho 

.ipdFiy I n^^  fiijure  sc^.u  yf  fie  fedtjrt'S  jf  the  LMrl^  history  of  the 
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A  few  laillls^conds  4fttr  Kht  iOtontnciriatnt  Of  the  bt9  ^4n^t  th« 

to 

UFJtperoture  w4S  dbgut  igO  btllton  d«iJrees  «nd  th«  donsUj^  10  9rcias  p^r 

i.ubtc  Lentlotfttfr       Lfjblc  centimeter  ^onld  cunt^ln  abgut  10  thfjus^n^  tOn^ 
of  rd<)idtion  dod  ftdttor).    As  the  uol'ferse  CKPdnded  the  donsttjf  dn<J 
tcpperdture  dr^>pped       thJt  tfldd^  the  dverjgo  tcmporature  ts  ^nlj^  3*^ 
HeUio  while  the  ^.prc^J  ogt  deo^Uj^  gf  the  *mlvers«  c^Jrrespgnds  to  onl-y  one 
dtoni  iier  cubic  faeteri    AtKJut  the  very  earliest  sta^^  of  this  |>1cture  ht9h 
enurtji  [^ii^SHS  hd^  much  to  %iy ,  for  tt\<en  the  eneryf^s  exceed  thosf  <>f  the 
]ar9;st  particle  duveKrdtors<  Indeed  the  processes  occurring  In  lu^  Lepton 
erd  dnd  the  edrlter  Uodron  era  HnX  the  funddincnta)  particles  wtth 
^rdvUdtlundl  forces  4nd  (aiy  h^vQ  cotn^letel^  deterraincd  the  subsequent 
^trocture  of  the  universe* 

Throui^hi^ut  the  ftrst  milHon  ^cdrs>  the  d<;hsity  of  rddiatlun  (94)riUQa 
rays,  dnd  ncutrin^Js)  exceeded  thdt  of  matter  and  thus      referred  to  as  the 
radldttuo  *^rd.    \iti*it\  the  ttfi,i^(±rdture  f^])  to  &00xiiil11on  decrees  neutrons*  n 
tecacie  Unstaulei  t^tth  *  h^K  Hfe  of  the  order  ot  1&  AtinuteSi    At  ttie 
provollin*)  densuiei*  dnd  tciTipera tures »  nuclear  reactions  set  tn  converttn9 
the  neutrons  ^nd  Protruns,  pi  tnto  hJ^dro^^en  (H) ,  heltutn  (He)  i  and  a  trace  of 
titdvy  Jijfdrv^en      di^t^terlum  {D}~    tell  before  ^ny  other  elements  coold  be 
forried        ttsm^^crature  and  den^itJ^  dropped  too  low  for  fgrtker  nuclear 
rtrattlons-    The  present  heUuin  to  h^dr(>Uen  and  deuterium  to  hj^droyen  ratto 
pruvid*is  a  dirt'Ct  obs-er^atio^al  lin^  to  tht&  earlj  ^.ta^e  'H  the  thermal  ^ 
hi  stury  of  the  unWt-rsei 

T^rou'>ti(^ut  jno^t  of  th<^  rddldflon         th<^  photons  are  closely  coupled 
to  tue  natter  bt.'in<^  sc^tvort-d  bact;  and  forth  between  the  electrons  ^nd 
iuns<    bfhfh  th?  tvin^t-ratur^  h^d  UrijpPed  to  about  ^000  K  the  natter  became 
trjii*kjrfnt  to  H^jht  jnd  the  IjljM  noved  freelJf  across  the  untvt-rse.  in 
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Xh^  db^t^nci*  0^  1ntvr4^lton  ^Uh  ridClcr  lii^  ptiul^ns  rvt^iiricd  4  bIdLk  body 

thU  (ir!>^  vteirf  of  llic  Pnnordial  ftre  b^ll  tct  Itxi  riiic roijdvf^  r^tjiun  of  the 
ij^eciri^rt.    The  discover/  of  t(ie  3*'  fULrowiJvc  ba^-itPirou/id  1$  ijcder^Uy 
reyjr<l<;d       thi-  siri»ft*ift$t  iiryo^unt  for  the  sidnd^rd  bitj  tJny  nOdftl . 

uAt^vr^c  (ji<l  4ctd  ^tdr$  btf^lct  lo  f^irrv.    Oon$Uy  f  1  ui,ludliuct$  ihc 

tctt4jrj<i1  j^t  1  c  rtCiJiuiit  fr^^Ltectted  into  ntJ$$we  cl^^utls  of  ti/dro^</n  ^tiA  hvliuci* 
Fro^  Iht^'ve  Llf>ud^  clu^Ctir^  of  ^^dld^ie^  i^ond^u^^d         t^itJnn  IhvSc  ;jd1dKi«$ 
furltier  frd^j^ient-Jlion  revullt'^l  in  vho  farijidlloct  of  ^^icIUr  h:i4^:^c$.  The$e 
stJrs  differed  fru::t  tjr  Surt  10  dt  Itfdjt  t^<>  tjjertiul  fe^i^rtfj.    The/  were 

vt  tJTtton,  nKr't,jt*n,  uxy,j*jn,  irurt  dnd  Ihe  olner  hOdvy  (ML>nient$  pr<;sortt  In  he 
sun  jn<l  edrth.     [n  the  hoi  inivnor  of  Si^rj,  iLermdl  rtu^lcijr 

rcd^tjviii  JO  i>t\  '^TijZ^'.in*^  the  liijhi       ^ec  from  tncje  it<ir$.    IJ*^!SC  nuclo^r 
re<j*,tnjni  trdnjfvnn  ^*^<?  of  Lh*.^  *Jj.lrtjjt;rt  jnd  hifUun  to  heavier  el(iCT*;rtl$  juch 
d$  drt**  iJxytjt-n.     In  the  fmol  stjje^  of  j  mJiiWe  %t4r%  life 

irt'jlJbilitici        in  ^^hith  (.doie  ttie  ^.t^r  to  pjij^lode  4%  J  jupcrnOvA 
diikervjny  i\%  '^OSS  t)dCi^  Jrtto  Kit  inttritcH ^ r  j:ieJi on.     In  tni$  the 

f,rs.t  (» I  l^r  .'J' i  ...rwUea  k^itii  nti^j'j/  fleiitcntj.    Idtcr  u^f^^^^^^^^"^  <'f 

Uori  hdve  tonJL'ni<;J  fron  thii  ^inr)>,hwd         jnd       it       thdt  tho  Prosent 
ibLrrr.ijfUutf  of  ihe  ^ojyif  '-fii.  ii^i^)  1  tK+ntnti  .icrc  forncd  in  ^tdr$. 

[i  1^  jt^iitTJi  1/  ueliivetl  tnjt  in  thi;  for.nJtJon  of  ^  iinyio  ^ijr  like 

*tjr  jnJ  tndt  ".nvue  fjj?rjt>li>  ^lJf^^*ti  urtjjtiit  nvlt^^jK's  d^tjJOfir  Ih^t  ^r* 
the  ^tJilJlrij  tilui^ks  J*    litf^.     T^itfl  ih^^ti  jtujtv   .huuld  Lollitt   into  fur.iplox 
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te1ctC^^«t  gr«  found  to  contdin  (ir^^iiK  iiolvculv^  nut  ivo  UiUcrvnt  frun 
tn^^be  t^b^'nttdt  diJino  4^16^*  \^b^r4X.i>rj  ^f^y^^r  ih\i*nii  dcr(un;»trAtGd 

hObf  4tfj^y  )t  ib  to  j:t4jiufdi.turv  dutn^>  4^t<i$  frofa  bioptt*  nlxturet  of  (j^bCb 

in  th<*  ;trinHiVdl  utViioi  of  the  earth  i  trew  of  i.or,pl«x  yryjrtic  notecul<*i 
fOified  jud  thrOuijh  the  Hujjit  of  titan  by  the  provvbb  of  fjut^ti<in  Jnd  ddiif>ttOn 
vclf-orj4ntit^(j  W^tti-ib  (^voU<^d.    Ttiub  the  ^^rjiiuniial  hydrOij^^n  ^tojTib  by  a 
bcMvb  4f  conptuA        int^vitJble  ^rocetbet  drrdn^cd  tbo--ibeI;Gb  in  bucb  at  we 
io  they  <:oui<J  JiJc  frOni  Hbt-riC<*  t(iL-J  Cdra<*. 

Tbib  )b  tbL-  btury  I  uonted  to  i^U  be<;^ub<^  t  bvHcvc^  It  U  d  fair 
jccount  of        jreni  m  >*hiCJi  ijiodern  aitropt^yiKi  »$  $et  <ifld  tti<^ 
op^yrtunitiflb       iJartni'dto       thU  int<*! U^ctudl  adtfCntyr^j  dre  Perhaps  tb<* 
bcbt  ^r^^ientb  I  con  <i<i^jn^e  for  a  oatlt^nai  f>rOijrdia  In  attronotnical 
rennstOi.     ]  knorf  tuo  that  attronoay    Cdptt^ret  the  tmdk^ination  of  lue 
lainan  <ind  ^%f,..t  of  trie  ici^ciK  dibtvvoricb  -qiJdbdrb»  puUarbi  an<t  bl^ckKoIcb. 
^rc  h^>gst;Uold  ^vrdb*  A$troJmiy  ib  ^  ^lu>«  Internet lojldl  comunHy  In  uhich 
U.S.  jitr*jfn^eri  i'lay  a  Icddiny  role*    In  ifw^e  aredb»  hoijcver^  we  have 
dbruydted  the  imtdtive,  prijiianly  dm.*  tg  bwdyet  cOAitraiAti*    AitroAOjsy  ii 
a  U■^hf)ol^>^ Kdl  1y  ^r1e/3te<^  dlbvipltnc  ^ri<l  the  trglnlnj  and  Gxjjertlte  thdt 
are  J«^*fJi-(>cd  n^ije        tfteir  itiipavt  »i  ^n^ny  other  arcai.  Ap(»ro;(lnately 
of  Iho^.e  uho  hije  rto*?Ked  a  ay^-torate       d^t^o^^hy^lc^  kavc  noved  Into  ' 
otnor  iroji  and  une.iijith  now  ui>rJt  m  indubLry. 

tjrheri  1  >tjtT<i  thdt  the  current  expJoiion  in  aitryriOMi c^J  Uiowltdge 
ha^  resulted  fron  ^jr  ability  to  ^t^ari  the  entire  ^'1  cctri^na^jnet  ic  $|jectruia 
frfjA  the  radio  wJ^e$  to  X-rjyi*    T^e  radio  tele^.toi'c  rwcjH  a  very 
dMf*-riiit  ^hNfr:.!'  thjh  Jooi  ^fi  j^tital  tel^icoPe  whiJe  ylj^i-i-vatloni  from 
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tJ^ndce  of  the  X^rd^t  thovrt       the  fitfjh  energy  phenomena^    Only  bjr  puUtn9 
togeCher  all  of  thit  tnformdtlon  do  Ke  ijeC  a  cosiprehenslve  PUture^  For 
exdoiplei  ^  ttuiter  of  ^^Uxtet  when  observed  *n  th«  Jt^rajf  ref^ton  itiovis  a 
clOvJ  ^'  ve/y  hoc  diffuse        In  vihkh  the  opCUdl  g«laxtet  are  tnmcrte^  In 
the  radio  re^loni  rdUto  bright  ^al^xlet  often  thow  Urc^e  lobet  of 
non,U+vrmJl  9**  "Wth  larger  than  Che  itar  filft^t  main  todjf^    These  radio 
lobes  are  due  to  the  ejection  at  very  hlyh  velocities  0^  ciattcr  front  the 

 .«^a1a(,tK  iiULlei^    In  a  cUster  tnese  raaio  tobes  arc  so^aettfAOs  observed  to 

trail  behind  due  to  the  motion  ^f  the  galaxy  through  the  integalactic 
in^dlun-  Only  (observations  In  ^11  thre^  ^^ectral  regions  c^n  these 
processes  be  understood^ 

In  formulating  the  Prograa  for  the  l^BO' s  the  AstronoKay  Survey 
Cvt>:Fi)1ttuo  ^^n'tirxti.tcil  art  inte^^rated  iro^rdci  encorPassing  tbo'se  inlt^tlves 
thai  prOf;tised  fuost  to  ansner  the  many  nevi  diallenglng  questions  that  face 
ut^    As  you        ifijtn  that  report,  ihe  Inltacives  span  che  e)  ectronagnetic 
spectrum  jnd  are  each  cu^pli^mcntary  dfid  fie^f;s:;ary  to  neet  this  chaHenge^ 
The  VLbA  >rl1)  carry  ovt  resej*      that  no  i^ther  Instrosnent  can  explore^  The 
spatial  resoli^tlon  will  f^r  surpass  anjthincj  cvrr^ntly  available  and 
promises  4nswers  to  nan;  of  the  ]>uzi}in^  Questions  relating  to  energetic 
events  in  the  nuclei  <^f  ^jalaxies^ 

Thii  nen  Tu'Cnnology  Telescope  (t<TT)i  which  Is  now  on  the  drawing 
bo^rds^  is  vital  If  ^  are  to  full;  interpret  the  (^^^  results  we^Vxpect 
tv^^e  rcl»?scot>e  and  later  the  large  Jt,ray  fdcltltyj  AXAF*  to  provide^ 
Ftftally  ^4*  -*u>t  ficv^jr  for  jet  tMt  the  <jata  dues  not  reprcseftc  ftew  IcnouUdge 
unlfr^>  we  44^^iiite}^  equip  q^r  universities  and  ob:;crvatorles  wltn  the 
^^/nputU«j  and  analysing  ^wer  to  d1<j*:st  thQtij  /tor  shall  ife  be  Prep^r^id  to 
f,apitalwf!       nuw  Ul^Loucrtes  if      4o  nut  >^rovlde  ^de^uate  develOjnerit 
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support  for  ri<^xt  ^tfn<:ri»t1un  In^trtjcrkVnCdUoni  ^nd  1^^:  tr^inin^  of  future 

L«t       conclude  l>y  nuking  a  f<»M  cocn^t^ntt  on  t>ehAlf  of  the  Am^^rlcari 
Astronotaic^l  Syticty.    J^jr^t  !  sKowld  rei;ijrJt  that  the  AstronOi^y  Survey 
CiiCbJiUtct;  Rttpt^rt  "A^troh^^oiy  ^nd  Attrophj^Kt  fur  the  r^Pretentt  the 

CDncentut  of  the  Ai»truJiyjiiU4(  coijmunUy,  oany  society  mwabers  PartfttP4ted 
In  itt  (levelopit)<^nl  4nd  all  had  an  okportoofty  to  review 

Secondlyj  the  AA3      very  >^1ed$ed  with  th«r  efforts  that  Dr.  Knapp  and 
the  NSf  i-t^ff  hive  iijde  to  proaiote  astronoflual  research  and  pleased,  too* 
at  the  fjvural>lG  rc^rOptlon  the  d4:^.ade  riiport  hat  rt^telvodi  The  attronoinlcal 
tDi^^onity  recot^nWut  the  r^tpuntibi  i  I tie^  that  tho^o  opp^rtunltf et  Itipote* 
Hamely,  the  rosponsit>i  I ty  to  utiHie  these  tools  ai  effut^tlvely  and 
e^f ftctently  as  po%stl>lu  and  we  accept  that  responstbit ty* 

Finally  the  M^jfUan  Astronomtca I  Society  has  a  Cgflimittec  on  Astronomy 
and  Public  PoHc^  df^d  ttUiier  throgijh  that  cuniinUtee  or  the  otftcers  of  the 
society  w  ttand  ready  lo  provide  whatever  assistance  you  nay  h1 ih  at  a 
futore  tldie*    Thanli  you* 


Mr  ,WAU;nBN.  Firlil. 

[The  biographical  sketch  of  Dr.  Field  roflows;} 

BlOGHAPfllCAL  SKCTCII       Dk,  <JeOH<;K  FlhXU 


i.tf^tjti^K'^  Kidd  lit  ti  th<^>rclK<il  ai>troph>btci^t  trotricd  tit  MIT  itnd  I^mi.<:'ti^n  ]]j:>  jn 
tonr.sU  4iri' m  the  d>jjattittt»  of      m  jnlvr&ttellfir  ^inc]  inU-r^dWtjt  »fMCc.  and  in 

CcnttT  fc>r  Astrophvaus  m  C\*mbrid);o,  Maw?  IK-  ji,  prt-sii-titl>       tho  staff  the 
SoutEisotimn  Aatrvpmsiciil  Obsi-rV(]tvr>  jnj  4I  prvrcf»M>r  M  Ifarvard. 

From         W  iOHi  ht-  M-rvcd  ^th  th<nr  i^f  iho  Aijlrotwm>  Suno>  Conimillcc. 
(jruup  of  Jl  i>cicnhata  iippomtud  b>  iht  Nuttunul  Atad(;m>  tjf  i^^tt-ntus     aarvt'>  \Uv 

ftroKfani  fur  tht'  IDi^OV  Tht  Attri>num>  Surwv  Ci^mmiUte  rt;Purt  wjs  published  m 
JujK-.  Ijh.^.  undor  the  bOi^  Abtrunomv  ^nd  A^troph>sic&  for  xhv  VJi*^V\  it  is  civdila^ 
ble  from  th(*  National  Acadi*my  Press." 

STATKMKNT  OF  I)U.  CEtHKlK  FiKLI).  <  liAIIiMAN*  ASTRONt)MY 
SURVEY  COMMimi-;  NATIONAL  ACADKMV  OKS<  lEN<  ES 

Dr.  FiELfi.  In  the  interest  of  tiine»  Mr.  Chairman,  I  will  abbrevi- 
ate  my  prepared  remarks^ 

Dr  Code  referred  to  the  fact  that  there  are  advanced  instru* 
mentb  that  are  required  to^vOiafce  frontier  astronomical  observa- 
tions^ Over  the  >ears,  the  aslonomers  of  the  United  States  have 
recoijni/ed  their  respenhibilit>  te  prioritize  the  construction  of  such 
instruments.  Thertf  ha\e  been  three  National  Academy  Astronomy 
Survey  Committees  that  have  done  that,  1972,  and  1982.  The 
latest  one,  \\hich  I  chairedi  was  published  in  lfiS2.  In  a  separate 
but  related  acti\it>,  I  chaired  a  National  Academ>  Research  Brief- 
ing Panel  on  Astronomy  and  ^Astrophysics  for  Dr,  George 
Key\\orth»  and  jou  should  have  before  you  the  report  of  the  Brief- 
ing Panel,  as  \^eli  as  a  written  summary  of  n\y  remarks.  The  Brief- 
ing  Panel  report  is  consistent  \\ith  the  A5tronom>  Survey  Commit- 
tee Report*  and  addresses  itijtlf  specifically  to  the  fiscal  year  1984 
budget,  * 

The  implications  for  NSF  of  the  Astronomy  Survey  Committee 
are  indicated  on  page  IT  of  the  Briefing  Panel  report.  The  total 
cost  of  new  program&  for  the  10-year  period  of  the  I980's,  is  esti- 
mated to  be  approximately  $1.0  billioti  in  1980  dollars.  That  figure 
may  be  compared  with  a  figure  of  $1.7  billion  ^n  the  same  units* 
recommended  b>  the  Greenstein  Committee  in  d!)72.  In  fact,  most 
of  the  recommendations  of  the  Groenbtein  Committee  v^cre  in  fact 
tmplementedf  and  therefore  believe  that  our  recommendations  <> 
are  responsible  within  that  fiscal  framework. 

Two  of  the  major  new  programs  that  we  recommend  are  under 
the  purview  of  the  NSF  and,  therefore*  of  this  subcommittee.  One 
is  the  VLBA,  of  which  you  have  heard  earlier,  the  other  is  the  New 
Technology  Tele&cope  tNTTJ  for  optical  and  infrared  wavelengths, 
of  which  you  also  heard  something.  Their  total  cost  is  estimated  at 
$loO  million  in  our  report.  This  figure  substantially  exceeds  th^t  of 
the  Very  Large  Array,  which  was  funded  by  the  National  Science 
Foundation  during  the  lOTOs.  Moreover,  the  committee  recom- 
mended a  substantial  investment  in  what  ^^e  called  prerequisites 
for  new  research  initiatives,  \\hith  included  instrumentation,  detcc 
tors*  theory*  laborator>  astrophysifSi  and  other  bupporting  activr 
ties. 
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All  tul(J,  iUv  uiiiuiiith**^  ujiatudcd  lhal  an  increa&e  of  about  30 
perLOiit  in  tlif  NSF  <isliuiiujii>  di^i^iuns  ujjcTatiunb  budget  viill  be 
required,  and  albu-^and  thib  shuuld  be  burne  in  mind  b>  tht?  sub- 
cummittee— that  funds  needed  by  NSF  fur  majur  Lunbtruutiun  will 
also  be  substantially  higher  than  in  the  1970 

As  tu  HsLal  yvM  11)81,  the  Rt;i>eai'ch  Briefing  Panel  recummended 
a  fiumber  uC  |>rut4rams>  be  ^eletted  for  emphasis  in  UiK  ),  and  amung 
them  two  major  ntnv  prugrains.  the  VLBA  and  the  NTf  fall  into 
the  |jur\iew  uf  thi.^  Luinmittee,  Tbe>  also  retummended  that  uf  the 
fi\y:  prereq|ui>fitei>  fur  new  leseurLh  initiativi.'b,  three  be^^elected  lur 
emphasis  in  fiscal  year  19K4, 

lA*t  me  comment  now  on  the  Pre&idcnt  s  fiscal  >ear  1384  budget. 
B>  incrtjasin^^  the  ^unding  for  astronomical  science's  at  NSF  b>  SIG 
milliun,  tht?  President's  fiscal  >ear  1081  budget  will  muke  possible 
substantial  pru^ress  in  eavh  uf  the  area^  reuuinmended  b>  the  Re- 
searih  Bricfint,  Panel  tu  Di.  Ke>^^urth.  SpeLillu  emphasis  is»  placed 
upun  the  develupment  of  astronumical  instruments,  data  ^r^alysis, 
theory,  and  computational  facilities. 

The  NSF  plans  to  implement  dt^ign  studies  on  the  VLBA.  I 
strungt>  c'ndurse  this  actiuii  as  rt;sp6nsj\e  to  the  Briefing  Panel 
repurt  It  is  also  anticipated  there  vyill  bt?  sufficitjnt  funds  available 
to  Lontinue  de\elopment  on  the  NTT.  This  action  was  also  recom- 
inendL'd  b>  tlit.  Biiefinj;  Panel,  Alsu,  it  is  planned  to  accelerate  the 
de\elopment  uf  a  10  mett*r  ^ubmillimeter  wavt-  telescope,  which  is 
a  iimall  program  gi\t?n  higlu^st  priurit>  by  the  Ai;^tronomy  Survey 
Cummittee  It  was  aUu  reLuminended  fur  accelerated  development* 
by  the  Research  Briefing  Panel,  ^ 

In  Conclusion,  I  wuuld  say  that  the  Presidents  1J981  budget  is 
highly  respunsi\e  tu  these  recummendatiuns  wluch.cuncern  NSF,  in 
buth  the  Astrunum>  Sur\e>  Committee. Repurt  ^nd  in  the  Briefing 
Pane!  report.  1  wuuld  al^o  like  to  &ay  that  I  applaud  the  adminis- 
tratiun  fur  \U>  general  recugnition  uf  the  need  to  strengthen  the  sci- 
entific  capability  of  the  Nation. 

Finali>,  1  would  be  remiss,  Mr.  Chairman,  if  I  did  not  point  out 
to  the  subcommittee  that  the  10S4  budget  i±>  but  the  first  step  in 
implementing  the  Astrunum>  Sur\e>  Committtig  recommendations 
for  NSF.  The  substantial  increases  requested  fur  NSF  on  the  1084 
budget  enable  design  studies  on  the  VLBA  and  the  NTT,  and  a 
major  step  tuward  the  needed  iiiLrease  in  upertitin^;  funds  which  I 
ha\e  disvushed  pre\iuusl>.  But  there  will  need  tu  be suostatitial  in- 
creases, starting  in  fiscal  >ear  1I)K>,  in  order  to  proceed  with  the 
orderly  construction  of  the  VLBA  and  the  NTT,  Thank  you, 

Mr  \Vai<grkn,  U  is  >our  conclusion  that  lhe>  are  highly  respon- 
^ii\e  Are  tlu?re  pa,ticular  programs  where  >uu  feel  tht>  arc  being 
unresponsive  to  the  committee  reports? 

Dr  TiKiA)^  In  all  candor,  no.  Thc*y  have  been  extremely  respon- 
sive I  think  our  concern  is  for  the  future.  We  realise  that  these 
programs  be  expcnsi\e  when  we  get  into  the  construction 
ph^i^e,  and  it  in  muht  important  fur  the  Congress  to  recogni/e  that 
fact  and  tu  take  .steps  to  assure  thai  the  Lunstruction  funds  do  not 
imi>act  the  uperating  expenses  which  aa*  alrcad>  necessary  to 
carry  on  the  continuing'program. 

Dr,  Coi>B,  May  I  interject? 
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Dr.  Field  waa  iiiiHwerinH  >our  question  with  respect  to  just  the 
NSF  budget  Thuru  ure  ureus  of  the  NaSA  funding  that  astrono- 
mers are  a  liUl^j  uncomfortabla  about. 

M  .  WAD:iREN.  Could  we  detail  them  just  a  little  bit?  Th^  overall 
Science  and  Technology  Committee  does  loolfat  NASA. 

Dr.  Field.  One  of  our'Concerns,  as  I  mentioned,  were  what  we 
call  the  prerequt^iites  for  new  research  initiatives.  These  are  the  _ 
on-going  activities  that  make  posstt^le  advances  in  technology  and 
new  instrumentation  at  uni"  ersities.  NSF  responded  very  strongly 
in  that  area  by  increasing  project  support  by  32  percent  in  1984, 
My  understanding  is  that  the  NASA  budget  doe3  not  respond  as 
firmly  to  that  initiative^  even  though  we  recommended  that  NASA 
make  an  effort  comparable  to  that  of  NSF. 

*  If  I  may,  Mr.  Chairman,  there  is  also  a  concern  about  a  specific 
experiment  that  we  discussed  in  the  Astronomy  Survey  Committee 
Report,  relating  to  neutrinos  from  the  Sun.  It  is  a  long-standing 
problem  in  astrophysics,  Ehat  although  we  can  alculate  from  basic 
physics  the  number  of  neutrinos  thct  should  be  reaching  us  from^ 
he  Sun  us  a  consequence  of  the  nuricar  reactions  there,  the  meaS' 
urementi^carried  out  over  a  Jong  time  a*:  Brookhaven  National 
Laboratory  give  «  number  only  one-third  of  th^s  theoretical  expec- 
tation. Thjij  Contradiction  throws  into  doubv  our  whole  understand- 
ing of  the  Stjn  and  slars. 

*  There  is  a  way  to  re&olve  this  experimentally,  called  the  galljifm 
solar  ne'^trino  experiment.  This  would  cost  something  like  $1  riiif- 
lion  pel  year  over  a  long  period  of  time,  and  apparently  the  De^ 
partment  of  Energy  is  willing  to  pay  that  cost,  but  a  substantial 
capitjil  expenditure  is  also  necessary  to  purchase  50  tons  of  gal- 
lium. This  jia  a  material  which  is  sensitive  to  the  neutrinos  in  ques^ 
tion  and  which  can  be  analyzed  to  give  a  decisive  aixswer  We  were 
hoping,  that  in  the  1081  budget,  the  DOE  would  provide  for  that 
capital  expenditure,  but  apparently  they  have  chosen  no(  to  do  so. 
So  that  is  a  problem  that  should  be  addressed  somehow,  and  it  is 
possible  that  NSF  could  play  a  role  in  that. 

[The  prepared  statement  of  Dr.  Field  follows:] 
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Testimony  OA  Astronon^  and  Astrophysics 


by  GeorSe  Fltld* 


Su6cc(r0ftee«  OA  cue  MUorral  S<:1«nce  Foundation 


or  Che 


House  roffDltte«  on  Silence  and  Tftchnology 


Honorable  Doug  ^l^rfOi  Chairman 


fitctnt  Olscoverles  In  Ast_ronoffiy 


AstrofittQ'.Js-nobrlTnn  «ge  or  dlscovftry  unParalUUd  since  the  Invention 
pffhe  teloscopfri   Stirv  only  10.0(K)  years  old  have  beon  discovtred  hiding  In 
intersteUir  clouds:  they^awst  have  been  born  Just  yesterday  In  the  10-t>lhlon 
year  llfetiM  of  our  Galai^.  Qylng  stars  have  aUo  beeri.found?  neutroo  stars 
fpived  when  sters  as  btg  as  Che  sun  collapsed  to  a  size  vialler  than 
H^haCtan.  T>fO  iteUar  blade  holes,  believed  to  be  snatler  than  a  pfnbead, 
hay«  been  found  orbiting  n«r»a1  stars*   Ev^denc?  h  ^  been  round  that  there  Is 
a  blaclc  hole  wif.h  a  ttass  a  niUlon  t1«^s  that  or  zhtt  sun  lurlcing  at  the  center 
of  the  HlUy  Vay  gala^*   other  galaxies  seen  to  have  even  eiore  etasslvt  blaclc 
h^les  -  up  Co  a  bflHon  suns  -  1o  their  centers.   Some  of  these  galaxies  are 
eflittlng  ttupendous  amunts  of  energy  In  narrow  J«ts  which  0iay  be  the 
result  of  the  grevltatlonal  energy  released  when  gas  falU  Into  nasslve  black 
bo1e4,*  Astonishingly,  blobs  iilthin  theie  jets  have  been  observed  to  taove  at 
speeds  up  to  10  tines  that  of  llghtt  thfs  phenonvenon  has  still  not  be^n 
cocBPIoJtely  explaliml, 

He  universe  Itself  Is  the  result  of  a  giant  explosion  we  call  the  Sig 
Bang,  vhlch  occurred  about  10  billion  years  ago*  There  Is  evidence  Chat  the 
fiftCCer  ^  now  see  around  us  Is  the  rennanC  of  a  much  denser  nixture  of  matter 
and  antffatter.  nost  of  xhlch  annihilated  when  "the  universe  i*as  only  l/IO.OOO  » 
of  a'second  old,  Thr  (totalis  of  t^at  happened  at  such  Incredibly  early  tiRtes 
are  nOH  unde^  Investigation  using  unified  theories  of  eleisentary  particles, 
sosft  of  which  suggest  that  ottich  of  the  unseen  natter  believed  to  exist  In  the 
universe  Is  In  the  form  of  exotic  particles  lllce  gravltlnos*  A  steady 
stream  of  discoveries  has  brought  us  to  the  threshold  of  the  greatest  r^stefy 
of  all:  how  the  universe  cane  Into  being* 


H}dern I astronomy  develops  hand  In^hand  with  physics*    Innovative  lostru- 
mnts  fOr  stiudying  the  universe  have  come  out  of  physics  laliordtorJes^  ^nd  our 
entire  Interbretatlon  of  astronontlc^l  photionena  Is  based  4/Pon  the  laws  of 
nature  deveUpod  by  Pt^slclsts* 


Astronoey  and  Astrophysics  In  the  United  States 


•  B1<^raph1ca^  slcetch  In  AttachMnt  I* 


JC / 


366 


-   Cv«n  t>t*fOrp  world  War  H  Clio  lJn1t«d  StaCeS  hdd  a  Strong  tradition  In 
dstfonofliy*  PjrClcul^rty  ^ith  the  Ur9«  oPCIcjI  celescoPes  In  the  uest.  Since 
uorld  Uar  II*  techniques  h£ve  been  developed  to  detect  ^nd  study  objeccs  dt 
other  wavelengths  js  *telK    A  variety  of  radio  telescopes  »fere  built*  Culmi- 
nating in  the  Very  Urge  Array  In  Ne^  F^xko*  funded  by  NSF  and  completed  In 
1980*    HASA  has  orbited  a  variety  of  instruments  to  study  rddimon  which  does 
nOC  penetrate  the  dtiqosPh^-re*  including  tKe  Elr>stein  X-Ray  Observatory  «nd  the 
International  Ultraviolet  E^plo.-*r  in  1978*  and  tue  Infrared  Astronomical 
Satellite  In  1982;  a  1ar9«  optical .u1Cravio1«C  SPace  Telescope  is  scheduled 
for  launch  in  193$*    NSF  has  also  supported  the  construction  of  a  nu^iber  of 
ground -"bdsed  optical. infrared  telescopes*  including  a-^«ter  telescopes  on  Kite 
Peait.in  Arizona  and  Cerro  Tololo  In  Chile*    Through  such  contifiued  Investjnents 
In  Instrunents,  the  United  States  has  established  Preeminence  in  astronomical 
research* 


Oecade  Reviews:  PrIoriCles  for  AsCronc^y 

AsCronccnlcal  facilities  based  uPon  the  niost  advanced  technology  are  often 
expensive*    Hindful  of  this*  the  u^s,  astronomical  comunlty  long  ago  realized 
that  it  tfould  b«  necessary  to  establish  Priorities  for  construf*ln9  such  facU 
lltles.  Over  the  years,  the  National  Atad^ry  of  Sciences  has  sponsored  three 
Astronomy  Surveys  for  this  pyrpose.  In  196^*  1572*  and  1962,    TTie  Report  of 
the  latest  AsCronomy  Surv«y  Corntittee,  ifhich  I  <:ha1red*  ^as  Published  in  June 
of  lg82*  and  is  available  from  the  National  Academy  Press*  Entitled 
Astronomy  and  Astrophysics  for  the  19flO's*  this  Report  surveys  the  needs  of 
astronooiy  and  astrophysics*  and  develops  Priorities  for  a  comprehensive 
program  for  the  igdO^s,  Hy  remarks  today  are  based  upon  that  H^Port, 

In  a  separate  but  related  activity*  I  al so  t haired  a  Research  SHefing 
Panel  on  Astronomy  and  Astrophysics,  set  up  by  the  Acaden^  m  Mte  1992  to 
brief  Presidential  Science  Advisor  Or*  George  Jceyworth  on  the  current  stattts 
of  the  field.  Particularly  those  areas  deemed  likely  to  relurn  the  highest 
scientific  dividends  as  a  result  of  incremental  federal  Investments  ii^  Fr 
198a*    The  Report  of  the  Briefing  Panel*  Attactment  Z  to  this  stateinent  *  Is 
based  uPon  the  Astronomy  Survey  Committee  RePort,  is  entirely  consistent  with 
that  report,  and  is  given  in  the  sam«  format*   A  sunnary  of  the  recomen. 
dations  of  the  Astronomy  Survey  Conrilttee.  is  given  in  Appendijc  8  of  the 
Research  Briefing  Panel  Aeport;  a  concise  table.  Including  estimated  costs* 
appears  oa  p^ge  1 7* 

implications  for  NSF 

As  Indicated  on  Page  17,  the  total  cost  of  new  programs  for  the  decade  of 
the  I980's  ts  estimate'^  to  he  about  1,9  billion  In  I98ti  dollars;  this  figure 
mi  be  compared  with  the  1*7  billion  in  1980  dollars  recoflwended  for  the 
197C's  by  the  Greenstein  coflmtttee  In  1972,  Most  of  the  recormendations  of 
that  committee  were  in  fact  Implemented, 

Two  of  the  major  new  Programs*  the  Very  Long  Baseline  Array  (VLBA)  of 
radio  telescopes*  and  the  Hew  Technology  Telescope  (NHT)  for  optical  and 


3o^ 


tnfr^redt  ftll  uAd«r  th«  purview  of  HST,    T>i«tr  total  estimated  cost*  S150 
\  fliiniOA,  substJntUll^  «?(ceeds  CtiaC  o/  the  VLA,  Ubout  tOQutllllCA  In  1980 
<lo11ars)  fiind«d^biy  NSF  In  th«  Moreover*  the  ConnlCtee  TeconnevKled  a 

substantial  1av«sta«AC  (about  Sl9G  nllllon)  In  Prerequisites  for  Hcm  Research 
Jnlt1«t1v«St  Including  InstrumenttUon  and  detection;  thepr^  «n<l  <tatd  anal. 
J^slst  cawPutaUonal  facilities,  laboratory  astrophjslcsj  an(;  technical  sup- 
Port  At  ground  abased  observatories;  It  Is  anttclpaCeiJ  that  about  half  of  this 
HOuid  cooe  rrom  ii^* 

All  told,  the  Cotrwittee  concludei]  (p*18)  thU  ',*,an  Increase  of  about  30 
percent  In  the  t^SFj  Mtrono^v  Division  s  operations  budget  ,,,,>#1]t  be 
required",  that  ^funds  needed  by  NSF  for  oajor  construction  «««  wilt  also  b« 
substjntl dlljr  higher*,  and  that  'these  Increase.  In  the  HSF  budget  for  ground- 
based  astronooo^  are. essential  to  oafntaln  an  effective  Partnership  with  space 
astronoqy  during  the  1980's..* 

■f  The  Research  Briefing  panel  recoonended  (pp*        that  a  nuinber  of  the 
programs  prepared  by  the  Astrnnomy  Survey  Comlttee  be  selected  for  ecaphasis 
In  FY  1984*  ^ong  iheie  recoctqendatlons^  two  major  new  proQrants^  the  VerJ^ 
Long  Baseline  Arrajr  (VLBA)  of  radio  telescopes*  and  the  New  Tet^hnology 
Telescope  (KKT)  of  the  1S-oeter  class  for  optical  and  infrared*  fall  Into  the 
purview  of  NST  as  Indicated  above.   The  Panel  ^Iso  recomended  that  of  the 
fly^  Prertqutsltes  for  Hew  Research  Institutions  In  the  AstronOfl^f  Survey 
Atportt  three  <Jnstruftentatlon  and  Detectors*  Theory  and  oata  An^lJ^sls^  and 
Cooputatlonal  FacllltJies)  be  selected  for  enph^sls  In  FY  1g84t  with  the  antl. 
ctfut1o«»  that  the  funding  for  these  Prereqtilsltes  would  be  shared  b^  HST  and 
NASA. 

FT  1934 

By  Increasing  .the  funding  for  Astronomical  Sciences  at  NST  b^  S16.3 
lallMont  the  Pres1dert*s  FT  1934  Budget  >#111  ptake  possible  substantial 
progress  In  each  of  these  prograns*    Specific  en^hasls  Is  placed  upon  the 
development  of  astrorfbnlcal  InstrtnentSf  theorjr  and  data  analysis^  and  com* 
putatlonal  fjcllltleSi  both  at  the  national  astronon^  centers  and  at  unlver. 
sHle^Hp   tn  view  of  NSF  director  Dr..  Edward  KnaPp's  r«cogn1t1<yn  of  "the  need 
4  to  revitalize  the  research  base  In  our  nat1on*s  universities  and  colleges/  I 
in  pleased  to  note  an  Increase  of  3ZX  planned  for- Astronomy  Project  Support* 

The  NSF  plans  to  tnplenent  design  studies  on  tlw  vlBA..    I  strongly  endorse 
this  action      responsive  to  the  Briefing  Panel  Report*    Et  Is  anticipated 
tnat  there  will  be  sufficient  funds  available  to  continue  technology  develop, 
ment  efforts  on  the  NNT;  this  action  was  aUo  recoovtended  by  the  Briefing 
pdneK  Finally^  It  Is  planned  to  accelerate  the  development  of  a  IOmeter 
sub<a1111neter.wave  telescope*   This  project^  the  small  ne^  program  given 
highest  priority  by  the  Astronotv  Survey  Cotraltteej  was  also  recornended  for 
accelerated  development  by  the  Research  Briefing  Panel  (p*  5).. 

1  conclude  that  ttve  President's  19&4  Budget  Is  highly  responsive  to  those 
recontrendatlons  concerning  NSF  tn  both  the  Astronofny  Survey  Report. and  the 
Brlefln9  Panel  ^Report*   I  also  applaud  the  Adntlnlstratlon  for  Its  recognition 
of  the  need  to  strengthen  the  scientific  capability  of  the  nation  tn  all 
fields  by  allocating  allocating  Precious  resources  to  that  end* 

E  would  be  remiss*  fir*  chalroan.  If  I  (fid  not  also  ^olnt  out  that  the  1984 
budget  Is  but  the  first  steP  In  Iraplenenttng  the  Astronon^y  Survey  Coonlttee 
recocFTtendatlons  for         The  substantial  Increases  requested  for  NSF  in  the  FV 
1934  budget  enable  design  studies  on  the  VIBA  and  the        and  a  naJor  step 
toward  the  needed  Increase  In  operating  funds  discussed  above^  but  there  will 
fieed  to  he  substantial  increases  starting  U  FT  193S  In  order  to  proceed  with 
the  orderly  construction  of  the  VLBA  and  the  KIT* 
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Act  oC  Con9r«ss  as  a  prlvat«f  nonProCltf  *«LC~^overnln9  eMPib«r*htp 
c«EpOr«tlon  Cor  the  CurtharAnce  oC  Bctenc«  and  t«Chrv0lO9y  Cor  th« 
9*nftr*3.  w«3.£Ar«.    Itie  terju  oC  tta  chartar  r^^lra  the  National  Acodomy 
oC  Sclancaa  tu  Mviaa  th«  Cedaral  govotcuMnt  upon  roquaat  vlthln  Ite 
Cl«Lda      <^ottp«t«nca,    Undai  thta  oorPOrat«  chdrt«rf  the  Katlon&l 
Aca<]«ny  oC  Englr»rlng  and  tha  Instlt^jta  oC  HedlClno  ware  eatabltshad 
in         and  19T0>  ra»p«ctlvaiy. 

The  CoMlttea  on  Sctanca^  Engtnverln^j  and  p|)bLl<^  Policy  ia  a  joint 
comlttve  oC  ,th«^  National  Acad«*V  oC  sciancasf  the  ifatlonal  Acadaqr  oC 
Enginaorlngf  ,and  the  Inciltuta  o£  H«dicina.    It  incli^dao  n«Bb«ra  oa  the 
councils  oC  all  three  bodieB. 

TtiXr  wtxk  ni  a^i^rrad  t>y  the  National  ScieiKfe  PouzMtatlon  under 
Conttact  PUf^e^ia^^O, 
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committee  c>n  Sqienee^  Bn?lneerln?f  and;  Publie  i^li^ 
National  Acadetty  oC  S^leneeo 
2101  Oonstltutlon  Avenue^  HW 
^aahln^tonj  DC  20418 
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Itils  i«  oM  of  sBVen  r«d<jarch  briefings  pt^At^  In  revPOflne  a 
c«que»t  fton  Dti  <;ttor9«  A*  K«yworth#  3clenc«  A<lvl40r  to  the  President 
«nd  Dlrcotoc  of  tb«  Mliite  htouse  Offic*  of  Science  and  Ttehnology  Policy 
(OSTP)  >  effort  vm9  dir«ct«d  by  tbe  Coovlttee  on  Science, 

Kn^lneerln^t  oAd  Publiv  policy  1cOSEPUF)#  a  joint  coxalttee  of  the 
fiationai  Academy  of  Sclenc«a,  the  National  Acid^fsy  of  Engineering^  mnil 
the  Institute  of  Medicine^ 

Topic«  for  the  «even  research  briefings  were  4«lected  by  qSTP^ 
e«ch  topic  «  balaACOd  panel  of  U-11  experts  vas  organized  to  davelop 
the  bri^fin?^    ibe  opeclflo  cher^  to  each  panel  wan  to  critically 
adsess  its  ri«ld  and  to  identify  those  research  areas  within  the  field 
that  were  likely  to  retotn  tlie  hl9J>^8t  scientific  dividends  as  a  reauli; 
of  tncre^iantal  federal  investments  ir*  FY  i98'|i        was  also  QmphaaizOd 
that  thestf  briefings  were  not  to  be  c^^^rued  as  substitutes  for  the 
nuch  Bore  detailed  surveye  ogcaslonaliy  utdertaken  In  Major  scientific 
fields  {e^9^#  the  recent  rePOrt  of  the  national  Reseatch  Caun(?ll*fl 

nAstcocMjBy  SliCVB/  CoMAlttee  entitled  ftstronoov  and  AstzoPhysicn  for  the 
1980*Si  Volgae  1} ■ 

Throu9b  discussions  ^Ith  OSTP^  the  seven  topics  wet^  defined  as 
follotfs  t 

1.    HATOEWtlCSt    Etesearch  covering  the  followln?  fields  of 
Investigation:    statietUo«  pure  and  aPPlled  aatheiutlc4#  nathnfutical 
svstetBs  theory^  nuiEerlcal  analysist  operations  researcbi  caqn.tational 

■eetatlcst  and  scientific  co«putin9« 

2>    AfflOSPHERtC  SCtEHCESt    The  Study  of  the  physicals  cfiealcal^  ana 
dynadlc  p^op^ttles  of  the  atrosP)iere  and  its  Interactions  with  the 
Earths  the  oceanstf  and  the  Planetary  envlronnsnt  vith  a'vlev  t^  under- 
seanding  «nd  predicting  the  atoosP^re's  cha^i^^s  and  behavior  as 
«atitCested  itt  wvaVtrtit  ^ll^al«tf  4I4  q^olitytf  aljw  v^m^j*  ^haraccur iat*cs 
relevjnt  to  human  society*  both  as  a  result  of  natuul  Processes  and  as 
Influenced  by  human  activities*  ^ 

AStROHOfflf  AWD  ASTfloPHystcst  Researeh  with  t^te  objective  to 
Obtain  Information  about  astronomical  bodies  by  remote  sensing  from 
surface  of  the  Earth*  from  the  batth's  atmospheret  ond  ftoa  earth  orbit* 

4i    ^jUCliLTUFUiL  RESEftRCHt    Research  of  Greatest  promise  for 
increasln?  *he  productivity  and  efficiency  of  ;siurlcan  agricuLt'i£e# 
Inclxxlingt 
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*  Plant  tcl«ncet  tii9M*6  on  d«v«lo^ln9  PcoductlV«« 
CftSlBtanCr  tol«c&ntr  and  enocgy-«fflcl«nt  C£Op  planCAr 

*  «n  c^j«cUv«  «»essMnt  .  '  the  realistic  exp«ctatlons  of 
9«neclc  engineering  for  developing  nore  pcoducUver  cesUtantr 
tolerentr  and  ener^  yaffle  lent  ctoP  plants  f  and  - 

research  on  crops  and  croppiivg  practices  that  4ce  »or&  resource 
coiwttfvaclve^ 

^*    HSOftO^lEWCBi    R«»«acoh  dlc40t«d  toward  underetandins  the 
nolecularf  caLLUlar«  «nd  IntercelluUc  pcoc^oaes  In  the  central  nervous 
Byat«M  end  the  way  Ln  which  those  prooeeses  ate  Integrated  In  CH3 

functional  conttoL  syateuf  with  emfhael«  on  research  relating  CHS 
functions  wtrh  behavior* 

6  *    HPKAH  HfiM/TH  ElTBCTS  OF  H^^Al^DOOS  CHEHlCAL  EXPOSUfgS  t     Res  aai  cb 
on  the  resPons««  of  o£9anlss«  ^°  ha^rdou:;  oheplcaL  eitposucesr 
IncLiidli^t 

*  the  nature       ^o  stel^  leading  to  daBa9e  to  the  organlsttaf 

*  the  ftechanlsM  and  binaries  of  setabollsn  hatardoua 
aubctancaa; 

*  the  nature  of  Protective  resPoneee  and  tePsir  nochanlSEisf  and 

*  the  In  vltrOf  anitaal  bLoassaVf  and  ep  1  deal olog leal  nethods  used 
to  ^Wactetlre  hazardous  exposures* 

7t   HATERiAi^  SCiEMCBt    Research  concerned  with  reaching  a  cleatet 
undsrstandln^  of  rhe  coiiplax  roUtlonsblps  that  exlsr  a^bon^  tJie 
arottlrrlo  btructura#  ccoposltloA'  and  defects  of  natetlala  and  their 
behavlof  In  an  engineering  enVlroni&ent*    Specific  areas  of  InVOarl^atlon 
Include  thoas  concerned  vlth  suttace  chatactatltarlonar  detect  struc- 
turer  alactronlc  strucruce«  catalVslSf  the  theory  of  crystaLlLne  sollda« 
and  the  propectle*  of  solids  (e.g*,  electrical*  oa^nerlcr  optical* 
thermalr  and  Beohanlcal) * 

Each  panel  ner  ones,  fot  2  or  3  daYs*  to  carry  out  Its  charge* 
KrtCrwled^eable  repteaentatlves  of  govarnvent  and  t]:e  private  sector  were 
imrlted  ro  ptovidt  inPUt  to  the  panaU*    RePPOrreurs,  knowledgeable  In 
rhe  field,  were  present  to  sunmarlte        dlscueelcns  and  prepare  Initial 
drafta  of  brief ii^  papera*   Thos^  papers  were  reviewed  and  revised  by 
the  panel  lUttbera  and  served  as  the  bases  for  the  oral  briefings 
presented  to  federal  officials* 

r^e  savan  ona^hour  brlefin^sr  Presented  by  Panel  chalroen  and«  In 
1  or  2  other  pjirMl  Qteobefs.  were  rovlewad'by  COSEPUP  In 
■id-October  and  Presented  to  tv*  KeY^Orth  and  nenbets  of  his  staff 
berw«en  October  36  and  Hovevibar  ISr  l$B2*    The  saae  briefings  wan 
aubSeq^ntly  prei«nt«d  to  Dr*  Edward  ^appr  Dlreotor  of  the  HationAl 
Science  Foundation'  and  othei  foundation  officials  on  three  days  In 
Dtceobe.  ^    Briefings  /or  other  interested  departments  ar^d  agencies  were 
held  separately  on  the  sane  da  tea « 

llone  of  this  would  have  boon  poosiblo  without  ^he  financial  suPPOrt 
of  the  national  Science  Foundation  and  the  cooporatlonr  under  difficult 
rise  constrainta«  of  tbe  panel  oambets  and  etaffs*    (ie  ure  Indebted  to 
both  groups. 

If  judged  useful  to  federal  decision  makere*  the  seven  initial 
research  briefings  developed  as  an  eKperlnenr  in  l$B2  could  serve  as 
the  basis  f^'  research  briefings  on  other  major  fields  of  science  in 
furure  years.    Sych  brief ln9S  could  supplement  other  Inputs  and  become 
IsPOftant  nev  t^hannela  for  qomnunicatlon  between  tho  federal  ^overnioent 
and  the  sclenrlflc  ccoaunlry* 


George  H.  U>w  Chaitnaan 
Copflitcee  on  Scienc««  Engineorin^r  and 
Public  Policy 
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RittOftT  Of  THfL  iUSmilCH  BRimHG  PANEL  OM 
ASTROHOW  AHt)  ASTROPHYSICS 


I,    ASTRONOMY  A»D  ASTEtOPHYSiCO  FOR  tHU  ISSO'd 


tf«  Ilv«  In  an  exttaOtdlnatV  ^  fot  asttononyr  uiuaatch^d  slrvc«  the  tlsw 
Qt  Galileo,    Ttie  dlsdovetlea  of  the  past  20  yeatar  aade  ftoa  both 
9tound-ba3«<]  ^nd  tPAC«  otoetvatotUa  hav«  radldallV  dhan^cd  out  undet* 
8taru3lA9  of  the  Unlvetae.    <h>&aatar  x-taV  ao^tcea^  pulaata#  polyatootc 
volecuUa  In  IntetatelLat  epAce^  and  the  dosvld  ptdtovave  bacX9tound 
ttdlatlon  >*9tc  dlicoveted  In  the  I960*a,    The  1970*a  adda<t  dl9CO>^tlea 
of  acctttlon  of  nattet  by  neutton  ateta#  obattvatlonal  evidence  fot  a 
atellat  blacX  hOLe#  lntat9alaGtld  9^'      100  alLL/On  de9teaa«  appatent 
fxpflnaion  at  greatet  than        apaed  of  li9ht  In  q^aats^  volcanic 
activity  on  lo,  the  otigin  of  ht9h-velocltV  aolat-vtnd  atteaas  In 
'boloa*  ip  the  aolat  cotona#  tln9a  ^tound  Utanas^  ^nd  ^iipit«tr  oiMetva* 
tlonal  avlfStnco  fot  9tavltatlonaL  tadlatlon  ftom  a  blnatV  atat  r  gama- 
tav  butatsr  and  the  gtavitetional  taftadtionof  Il9ht  ffon  q^aaata  by 
lnt«rv«nln9  ^alaxlaa. 

ihtou9h  |«<3etal  auPPOtt#  0.3.  auttcftot^eta  have  teoaincd  at  the 
foteftont      aettonC«V  ond  aattophy<ic*  duttng  thla  P«ttod^  maintaining 
a  poaltlon  of  wotLd  Leadetahlp  e8tat7llaha<t  eatlV  in  thl»  c«ntutV* 
Speota<niLat  advance*  in  x-taV*  9a«fta-taVr  tnfratedr  an«  uLttavlolet 
aattonociy — auppL«ttentln?  the  j:)ote  eA^abllah^  technlquea  of  optical  and 
tAdlo  aattonotty—have  opened  vlttttallV  the  entlro  eLedttcQa9n«tlc 
apectnia  to  c<^flmlc  obaetvationa.    Tha  O.S.  aolentlflc  cocaunlty  atanda 
t«ady  ro  exploit  thla  oifpottunity  vith  Pteaent  and  planned  facilities 
of  unPualleL«<3  potrar  and  aolontifio  pr^ralse* 

Special  *d^ade  tevlewa*  cattled  o^t  by  the  National  Acadeisy  of 
sclencaa  (NA3>  have  petlodlcally  autveyeit  the  atatus  of  the  fleM  and 
h&ve  Advanced  teeottaendations  fot  futute  teseatch  progtaba*    ihe  fltat 
two  0uch  4utveya^  cooipleted  In  IS^i  and  i$72t  had  ft  powetful  lopact  on 
the  conduct  of  U»S^  reflaetch  'titting  the  petlol  1(»A0'^1980.    Th^  r^c^^f^n" 
datlona  of  the  f'lltd  auch  decade  tevlew  ate  contained  in  the  tecent 
tf^tt  of  the  Aattoftotty  Sutvay  Comitteer  totionoay  and  ftattoQhYalca 
fot  tha  ISOO'o  (national  Acadeisy  Pteflfl>#  Haflhln9ton«  D.C.^  lSB2t  aee 
Appendix  A).   TlMlV  teapOnse  to  theae  tecodnendatlona  wt^l  peralt  tr.S. 
aclontlate  to  nalntaln  leadetahlP  In  the  tuott  Ptonlain?  ^teas  of 
aattonony  and  aattophyalca  dutlng  the  isqo*b* 
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Astconotty  Survey  OMKltti*  r#POrt  tooli  thrft«  y««rs  to  complete 
and  w#c  130  scl«nttit«.    Ita  final  c«cO(BB«ndatlona  v«r«  highly 

a#lectlv*i    <it  many  ^ot«n0  of  prol«ctB  conald«r«d#  onlY  a  atMll  nujib«r 
w«c«  r«cosiD«nd«d  toe  n«v  fiindln9  tot         I9BD*ff  <a«a  Appendix  B  ttic  a 
«ijjttftcy  talian  Uo^  the  ^^^^  cePOft)  *    The  National  Academy  of  sciences 
hat  acctPtad  th««#  reconoandatlona  ttv  th«  c<»aaen9us  of  the  U.S*  astrt^ 
nonlcal  cottttunltYf  an^  theY  have  also  recclvad  tha  official  endocseoent 
of  the  Aaorlcan  Astronoslcal  SoclatY* 

TTio  pcaaant  BclaflA^  Panel  haa  twvtd  Ita  cocoo&endatlon*  for  FY 
19^4  entirely  on  the  recently  c0ftpi«t«d  Survey  Conmlttee  x^VOttt  ond 
they  follov  the  aaite  toraat  aa  do««  the  rePOrt*    The  Survey  CooalttOO 
fU«t  «tra*aed  tha  litpOrtance  of  Appcoved^  Continmng,  and  Prevlottaiy 
fteeorondad-Etog raaa  tor  prO9[#0a  In  research  during  the  19B0*s*  Tlte 
COulttee  next  eopttaslred  that  Preragulaltas  for  Kew  Baaearch  Inltla^ 
t Ivea  ^re  caatntlal  to  the  aucceas  of  Ptasant  and  Planted  aajor  research 
foGllltlea*    Finally^  the  Conalttee  r«co(Bnended  the  tundln?  of  Kev 
Pr^raft*  fot  the  I9fl0*a  In  three  cat«9orlefl:    HaJot#  Hoderate^  and 
Sieall*    11irougtK>ut  lt»  study,  the  Survay  Comalttae  strove  to  be  fiscally 
realivtlct    tha  overall  program  racoissandad  for  th«  I980'a  la  rou9hiy 
cooparable  In  acale  vltfi  that  actuali^y  carried  out  during  the  1970'a  on 
the  basla  of  the  recMtaendatlona  of  the  previous  dacade  revlev* 

Froa  the  projwts  ra^omaended  for  the  I930's  1"  the  Survey  Con* 
Alttea  raportr  the  Brlafing  P^nel  has  aelactad  lEor  reconiaendatlon  here 
only  thoae  that  are  particularly  tlaeiy  for  ^  ^^^^  budget  action.  (It 
Is  lafMctant  to  recall  again  that  the  prograsa  recomanded  by  the  Survay 
Coflplttee  themioLvea  raflectad  a  careful  selection  fron  a  ?reat  many 
p[Opoa«l9  ^dtt  to  thar  Committee. >    Favorable  action  by  the  governitent 
In  FY  1904  on  the  prograss  raconaendad  here  vlll  constitute  an  laiportant 
atap  tot^ard  Dnsurln9  tha  vitality  of  U.S*  a^troitoalcal  research  In  the 
dacade  ahead*    T))e  Panel  calla  particular  attention  to  the  need  for 
1934  coaalt&enra  to  b«9in  two  Important  projectfli    the  Shgrtle  Infrared 
Taleocopa  FacllUy  tSlRTF^^  vlthln  the         Spacalab  progtan  «nd  a  very 
Long  Baael  ln«  Array  tVLBAl  of  radio  telescoP^s  vlrhln  the  PrO^rach  of 
the  HSF  Aatronooay  Division* 

1 1  *    THE  RBCOHKGflDATlOflS 

Tha  recortHndatlcna  of  the  Brletln?  panel  for  ^  ^^^^  are  susiarlred  in 
this  sacrion  In  rhe  Boao  fOrf»at  as  in  the  Survey  COjmltr  ^  rePOrt. 
They  are  dlicussed  In  Dore  detail  In  SactlOit  III. 

Approved,  Continuing^  and  Pravlously^'Raco(wcnd«d  .PrO^raaa 

Shuttle  Infrared  Taleflc<>ec  FaclllrV  iSttvrVi*    ThU  wajor  SP^celab 
facility  i9  the  only  sPece^astronO*^  Project  In  thlo  category  that  has 
not  y«t  been  atartad.  ^SIRTF  vlll  achieve  thoutandtold  ^alns  over 
present  teleeoopaa  In  the  iBE^rtant  thermal-'lnfrar^d  r^lon  of  the 
spectrua.    Ihe  Pannl  rfcoceiMnds  rbar  re-eatabllah  Ita  original 

strong  CQOBltnont    J  a  vigorous  Spacelab  Program  hy  licncdlately  laple' 
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tlon  ^0  the  :SPdCOiat>  pcO^cm  of  ^2  nillion  in  1^84  and  ^2,5  niiHon 
In  Flf  1*35 


prerequlttim  tvc  New  ReaeacqiJi  Inltl«tivea 


in*txjp«ntatlon  apd  nff^^^pcaf-JtieocV  ftrd  Data  Anaiyaijj  C^igtutA- 
tlonjl  l^actlltlgs.    Ilia  ZutvtY  Codtt«itt«  idantlfl^d  five  Prerequisites 
which  ac«  essential  tQ  th«  Succodft  &f  tMl^r  r«4earch  pr^roAo  bdt  which 
are  inexp«nsWe  by  coaParl«9n'    The  P^nel  has  dtfleotcd  th«  thrsa  Prft- 
r«qulsUes  9tat«d  abov«  b«CA<fss  funding  thttv  will  Ina^dlAteiy  lncr«as« 
tha  efficiency  wlUt  which  oboetvatlcns  dr«  mada  and  an«ly««4  ^nd  the 
d«9r«e       which  thtt  resulting  ^Atft  c^n  be  understood  on  the  basis  of 
physical  laws.     Itie  panel  recotwaends  that  an  au9i^tntAtlon  of  $10 
ttUI ion/year  Abovk  preaant  f<fndln9  le^relsf  to  be  shared  by  USr  atvd 
NASA,  b«  Kuds  a^^allat>l«  fcr  thes«  Fr4requlsUes  t)a9lnnin9  In  ^ 


PRCGRAMS 
Ks^or  Mew^Pr09rans 
Ad^^a^C4d  X-Ray  Astrophysics  (facility  ihXAF) 

This  £ac:»iuyr  which  was  accorded  the  highest  priority  among  all  major 
new  Pr^rsss  by  ths  Survey  O^nltteef  will  be  the  n^tlon^a  first  pcrita- 
nent  x-ray  obser^ratory  in  sp^e.    The  Ptnel  recomenda  sugnentstlon  g£ 
Phase  B  design  studies  by  (J.S  nilllon  In  ^  ^^^^  and  by  ^5  ollllon  in 
n'  l^as  In  order  to  ensure  s  new  stsrt  for  AXAP      FY  19S6. 

VeVy  I'Ong  Baseline  Ar^ay  (VLBA)  of  Radio  Telescopes 

^is  gtoufK^based  faellltyr  vMch  wa&  accorded  the  hlgttest  priority 
sson9  Bsjor  new  9rotind*bas«d  Process  by  the  Survey  Coanlttee  {and 
second  nl9best  Priority  as^n^  all  ma^oc  new  progrsnslr  will  permit 
radio  asttonookers  to  s^p  ^stall  in  oosalc  radio  sources  with  an  angular 
resolution  of  0,1  aillisrcsecond.    the  pan«l  reooinends  thatr  In  FY 
19B4f  H£F  sennit  to  the  construction  of  the  VLBA  and  ensure  its  tiioeiy 
coapletion  by  nsKtng  a^raliable         Million  for  a  flnsl  design  study  In 
FY  19^4.    Construction  will  require  additional  fundi09  o£  nililon 
sPrtfsd  over  PY  1965-1987. 


New  Technology  Teleccope  (WTT)  of  the  15-Meter  Class 

A  ground-bsAed  HTT,  which  was  accorded  third  highest  Priority  Anong  si] 
»aJor  new  prO^rSAS  by  ths  Survey  Cofualtteer  will  naKe  unique  contribu- 
tions to  opticsl  and  infrared  aStronorAVr  psrticu'srly  through  opticsl 
And  infrared  ePectroscopy  &f  faint  stars  snd  gAlaxica  «nd  through  high 
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tnQtiLftr  ra«olutlort;i»tudU#  In  thv  lnt»r«dt  Panel  r«coaia»n<9s  that 

d«fll9n  ttudte«  tox  th«  HTTt  which         ctH^lderftd  to  be  oC  the  hl9lM«t 
pUorlty  by  the  Stirv^y  Ooaaltttej  b«  ftUgMcnt<d  to  the  Lev^  ot  $2 
ttlLLlon  In       m4  ^,^1  In  FV  1965  «o  th^t  a  Clnol  d««ign  Cor  tRT  c&n  b« 


Mo4«rAt«  Nm  pt09«»  -  ^.  ..  .  _ 

Au9B«nttttlon  to  th*  ErtPlaxex  Vxo^x&m 

Itke  BMplorar  Pr^ru  reiulns  a  CLeiilbla^and  hl9hLy  eo«t-«ee«ctlv«  v«an« 

piJ»oe  new  opportunttltfl  in  t?ac«  a«tronovy  in  ntarlV  eveiY  part  oC 
tht  «l«ctrooAgn«tic  tpvctrua.    Ihe  St.  'v«y  coaaltt*«  reoonended  ^ 
iMadlAtv  And  etibitAntlDl  augsMntatlon  to  th«  Explorer  budget  In  oidvr 
to  r«4tot*  It  to  tho  htalthy  Level  of  att^xt  oC  l-^'^O,  which  Pr<va£Led 
before  tha  targes  oC  tnClAtlon.    The  p^neL  recoBHn<l«  that  the  Explorer 
bud9«t  t>e  «uqMnt«d  by  S20  qllLlon/Veat  t>e9lnn£n9  In       1984  In  order 
to  accelerate  tht  devtlopMnt  end  launch  0t  thtae  EitpLorer  alealon*  now 
In  varlouA  et^geu  of  prePAretlort    the  Coealc  Background  E^lorar 
(CC8£)^  th*  extrtne  Ultreviolet  Explortr  (euveK  and  the  >C-Rey  TiRiln9 
Explorer  (xTB)  * 

III.    JOSTiriCATlOH  ^  W  RBCa«EKWVTlC«S 
Approvedj  COiitlnuin?r  and  Prevtooeiy  Rtcoamnded  ^x^xtatn 
Shuttle  lnerar«d  Teieeci^  ^eclllty  (SlftTF) 

prograne  recoonendea  in  the  Aetr^CHBy  Survey  Conolttee'e  report 
wtre  eelectfd  Croo  reeearch  a/itlvltlee  that  were*  et  the  beginning  oC 
the  eorvey/ candldatea  Cor  l«^lettentatlon  In  FV  l^d3  and  beyoiKl^ 
Hovavet,  the  ConMlttee  eUo  eoiphaelted  'the  la^ttence  oC  aPProvtdr 
contlnuin9f  and  ptevioueiy  recotCMnded  pro^raju  to  the  progrees  oC 
aetronoiiicel  r^eeearch  during  the  reaelndtr  oC  thtt  decade.    Ihe  present 
CMiittee'e  recoeeteiKtatlone  t^ke  exPli^lt  ^account  oC  such  Prc^rsn;^  and 
bolld  upon  then"  (Chapter  7t  page  I3j  aee  also  APP«r,dlx  B  oC  thie 
BrleCin?  PaTiel  report).    The  panel  notea  that  StRTF  Is  the  only  jPace- 
aetronony  pto^^ct  in  thle  category  that  hae  not  yet  been  IBPiettentcd* 
The  Survey  Copoaittee  wtnt  on  to  say  (Chapter  it  page  112 — aee  aUo 
Appendix  C  ro  thle  BrleClv^  Panel  report) »  'The  propoaed  SIRTF  ^111  be 
tLe  comtretono  oC  reeearch  in  infrared  est ront>^  during  tba  I930's. 
The  A^tronooy  Survey  coniilttee  jolne  with  the.  Space  Science  Board'e 
Co^fttee  ou  SPSce  Aatronooy  and  Astrophyaics  ...  in  recowken<lln9 
thl^Cacllity  ae  the  Clrat  najor  infrared  telee^ope  in  apace**  The 
Panel  enthualaetlcaliy  suPPo^ta  thle  recomDenaation. 

In  aupport  oC  ita  rccomenaatlon        SlRTlt  the  survey  Conalttee 
wroter    'SUTF  wlU  ^erplt  lnveatl9atloua  over  th*  tnorpoua  range  oe 
waveltn^the  erod  2  to  300  im.    For  eono  jsportaut  types  oC  obaerva- 
tlooe  It  wlll»  becauae  oC  its  ccy<>9enlcaliy  cooled  optlce»  yi*id  a 
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•envitlvlty  9ttln  of  lODO  Qvif  th«  Utff^t  «Kifttlng  9tOtind-b«««4l  And 
4it&Qtne  lnftAt«d  tvleacopts^  thim  9«ln  In  ft«jnftitlvlty  i»  aO  thAt 
^it  i»  not  unreasontkblc  to  eKpect         SlRTf  will  itak«  i»pott«nl  and 
un*Kp«ct«d  dl«cov«tle««^ 

StkTT  will  A«k«  It  poaalbltt  to  ob»9tv«  tbe  highly  f«^-aMfte<)  llgbt 
Oflgin«tl^g  fAt  In  th«  p^^t  ttoa  vety  dlfttant  gal«xl«Sf  sq  that  v«  ttay 
study  thfllt  «dfiy  evolution.        will  be  able  to  detect  vefj^o^nM? 
state  in  neMby  galAKlee«_  which  n^y  acqo^nt^of  tbe  hl^.^vn  ma**  in  those 
galexTeif  ah<nto~^ntttACe  the  Obscuring  duat  of  th*  dense  cotee  of 
noleculaf  clouds  to  study  the  Pcoceaa  of  stat  fotioatlon.    StRTF  will 
Also  be  «bie  to  InvesttgA^i  tM  thetnal  anetgy  balance  of  the  moti 
dlatAnt  planit0  ind  to  gtiatly  leptove  oot  knowledge  of  thelt  atptav- 
p)>vtlc  cottpositlon0« 

BecAuee  Ot  Ita  wavelengtb  tange  and  ftcnftltlvlty^  SIRTP  will  In 
addition  (»«fnlt  detailed  sptcttoscoplc  studies  of  tbei^lnftACCd  ooutoes 
whlcb  will  b«  dlscoveted  by  tbi  IRAS  Inftated  sutvoy  setelllte  due  to 
b«  launched  In  th«  very  neat  future.*    Just  as  the  20a-lncb  Hale  tele- 
scope Is  used  to  Investigate  tb*  at4ts  end  g&laxles  dlscoveted  by  the 
AZ^inc^  SClisldt  telescope  on  Ht*  Palooat.  SIRTF  will  Investigate  n«w 
litCtAted  Aotttces  dltfcoveted  by  ibkS* 

A  reafflrnatlon  Of  tlASA*s  original  ettong  cocaaltment  to  Space 
Shuttle  f«4tatch  be9l(mli>?  In  TX  Iga4  will  be  neees«aty  to  permit  the 
tlMly  dtvelop«tnt  of  SlRtP  within  ch«  Spacelab  pfogtaff^    with  the 
flight  of  IMS  the  develop^nt  of  c^fo^enlcally  cooled  optlcel  systems 
for  Infrared  sp^e  observations  will  heve  >een  completed  And  tested  In 
spacer  thue  te^ovlng  a  ttajot  battlet  to  the  taPld  devslopoent  o£  SlItTF^ 
a  Hich  JDOfe  potfirful  and  aaneltlve  facility^ 


TtM  AstrOnoqy  5utv«y  Conmlttee  called  attention  to  five  Iretequlelteft 
tot  t'Aw  Beseatch  initiatives  end  tecotaaended  eugsentatlcns  in  eechi 
^Iheffe  Pfetequlsltee  are  easentlal  fot  the  eiiccetfo  of  nuijot  teseetC)) 
pfogfuu  but  tt*  Inexpensive  by  cccapatlncn^*    %e  Btlefing  Penel  tecovo' 
sendd  that  thtee  of  the  Pterequlsltes  tecelve  au^Hnt^tlons  in  FY 


InettutBtntetlOn  and  DeteotOfa 

Or^at  attldoa  In  the  developcent  of  nev  InsttuBontB  and  detectotA  wate 
ptade  during  the  1970'i,  perelttlng  «notnious  Increesee  in  olwetvlng 
efficiency^  but  so  fet  only  a  handful  t>f  the  teleecopes  at  najot 
oheet veto t lee  have  been  equipped  with  stete-of-the-att  InattunentA  end 
detef  tors^    HoteOver^  neif  generations  of  Insttunents  and  detectote  auet 
be  developed  In  concett  with  the  deelgn  and  opetatlon  of  future  gtound- 
bflie<3  and  space  obeetvatotles^    Itte  application  of  stete^f-the-ett 
technology  will  gteatiy  amplify  the  quantity  end  qusllty  of  the  data 
obtained^  at  a  snail  ftaotlon  of  the  cost  of  the  neJot  facilities  that 
vlU  use  these  Inattuttents  and  deteetore.    Augmented  funding  fot  Inattu- 
Dentation  wtU  also  permit  accelerated  deirelopnent  of  a  lO'^etet 


Ptete^lsltea  fot  He^  Rsaeaccb  Inltl£tlu<(Li 
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»ub3blllliilt«r-wAV«  untcriAti-^-^the  A«tconoAiy  Survey  Co(Baltt«e*tt 

highcflt-prlorlty  rccoB^vndatlon  for  saall  nvw  ProgroAa^^by  the  HSF. 


Tti^oty  aruS  t>ata  Analysis 

^    ala  of  astcwtony  la  an  underat&ndln^  of  the  Universcj  not  ainply 
^jiv^*yvff.tli5a_^^.  9b»rvatlpnal  dat*^    vigoroua  progcaraw  of  data 
analy«l«  and  ctiopleMntary  thvoretlcal  Inve0tl9ationv  are  «aflftnlfraI~to 
achi«v«  ^hls  ttittt  but  both  hav«  b««ii  ond«tEund«d  In  tha  Pait.  In 
partlcol KASA  hat  not  ciequately  dopport«d  the  theocetlcal  analysis 
of  data  fcon  space  a*tronoay  niaalonv.    Moreover^  theoretical 
onderatAndln^  of  recent  dl4Cov«rrl«a  19  Inportant  for  optimizing  the 
d«ilgna  of  futore  InsttusitntB.    Increaaed  sopport  by  MA5A  and  HSF  for 
theory  and  data  analysU  yill  ^teatly  enhance  the  scientific  return 
fron  both  ground'baM  and  space-aatrononiy  facllltUs^ 


Coaputatlonal  Faollltlav 

Modem  tnatr<iD«nt^tlot)  and  4et«ctora  ara  highly  dependej^  upon  conpiftar 
(or  control.  dat«  readoot^And  on'llne  proceaaing'    Because  of  thv 
co(t.J«jtlty  of  a»tronofaical  ayateos  ooch  av  exploding  atata  and 
9al4xle«^  thtoratlcal  Invent  igatioj>«  and  data  anftiyalft  cannot  be 
carried  out  by  porely  analytic  aethodsr  and  ate  therefore  alao 
dependent  opon  niUMrlcal  calcul^tlona*    ihe  ateady  and  rapid  decrease 
if)  the  coit  of  computing  pover  oP*na  up  vaat  new  opportunities  fot 
fclentiflc  advance.    An  augi&entatlon  to  USV  and  hk&A.  Eondlng  of 
cbmputatlonal  facilities  will  be  a  najor  step  In  achieving  nexlmun 
effectiveness  of  new  inatruaenta  and  data^anaiyaia  progrena. 


HEH  PROOftAHS 
najci?  rte*  t^r;.^ranf 
Advanced  X-Rfty  Aatrbphyslcs  facility  lAXAP) 

tlie  United  States  Pioneered  world  leadership  In  x^ray  aatroncoy^ 
beginning  with  the  1962  dlscovety  of  extr^^lar  x^ray  sources  by  neana 
of  a  brief  tocket  flight,  through  the  first  all-a»iy  purvey  o£  x<*ray 
soorces  carried  o^t  by  the  UHtmu  aatelllte  in  1970^  v>  the  flight  of 
High  Diergy  Aatronoolcal  ObaervatoiY  (H£AO)  aatelllt^a  doring  the 
petlod  1977-1981^    Aa  a  reaultp  x^ray  observations  have  now  attained  en 
Ittportance  In  contesiporary  aatt^nos^  c^o^patable  to  those  in  other 
wavelength  regions.    In  FV  1986^  fol^^wlng  coapietion  of  Pbaae  B 
atudlea^  HASA  should  begin  construction  oE  the  Advanced  X'ltay  Astro^ 
Physics  Facility  (AXAT)*  the  nation^a  first  pernansnt  X-ray  oba«rv«tory 
in  space^    tlie  Astronoary  Sorvey  Comnittee  eccorded  this  project  highest 
priority  of  all  »«Jor  new  PjogrAme  fot  the  1960'*, 
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With  up  to  iOO  tia«s  9r«ater  svnsltlvltv  th«n  «ny  previous  K-ray 
ols^iimf  AXAF  vlii  provide  U.S.  astronoaori  vtth  a  poworCul  «nd  L0d9*- 
Llv^d  nev  caR^blllttv-   Working  In  concert  vlth  the  Very  Mrge  Array  and 
the  VLBA^n  tho  radio  t^ion,  ajy}  vlth  Spac^  T«lfrscop«  in  the  Visible 
and  ultraviolet  tpactral  r^^tong^  AXAF  vlLl  be  an  important  Part  of  an 
«ritfe(Bblft  ot  najor  a. 5^  facilities  covArin?  niich  ot  the  electromagnetic 
apectruA  and  capable  of  ot>aervln9  pblacta  sliuiltaneouftlv  at  different 
vasrelflngthBf  tniff  fA^lllt?  vlll  greatly  Incraaav  ttie  scientific  value 
of  the  data  obtalndti. 

AXAT  vlll  be  usad  to  »tud/  C^lnt  x-ray  aourcaa  In  the  farthest 
raachfta  of  our  Galaxy  aa  veil  aa  Individual  h l9ti-lui^noalty  ftoutc«a  it^ 
tiundreda  of  other  galaart^a^    Kl9h*r«aolutlon  Inaging^  t09ftther  vlth 
ap«ctroacopic  and  poiarlnetric  ob&ervatlonS'  vlU  reveal  the  composition 
and  dynaAlcft  of  supernova  rennantsr  9alactic  haloes  and  clusters  of 
Galaxies.    O^servatlont  of  retaota  galaxies  and  qvaaars  vlll  Probe  the 
aee«<:ts  oC  avolutlon  In  tha  early  Univarae. 

Augmentations  of  Cundln?  for  ClnalfAXAP  deal?n  studlea  In  each  oC 
FY         and  FY  19*5  «re  necessary  for  the  tijiely  completion  of  Phase  B 
stud  lea.  ^  i 


Vary  Long  Baaallne  Array  (VLEA)  of  Radio  T^leacopea 


The  united  $tat«s  has  led  the  vorld  i"  the  davaloP^^nt-  oC  very  ton? 
aasallna  Intarferooetr/  <VLBI)f  a  technique  that  E>«rntts  the  cooiblnatlon 
In  a  cantral  cooputer  oe  radlo^ (regency  observations  (ron  vldely 
separata^  observing  sites  to  produce  Inagas  of  cosmic  ob^acts  vlth 
exttaoMlnaiy  angular  resolution.    Tha  Vory  Long  Baseline  Array  (VLBA> 
vlll  livclude  about  10  antennas^  placed  In  Alaska  and  itavall  as  veil  as 
across  the  continental  Uttlted  States,    tills  facility  vlll  aap  cosnlc 
radio  sourcas  oC  very  small  angular  sitt  vltn  a  einen«ss  of  detail  «qual 
to  that  vtklch  could  b«  achieved  by  a  single  radio  dish  as  lar9a  as  an 
entire  continent.    Tt\«  angular  resolution  achlevod— 0.2  nilliar^second^' 
is  a<3ulvalant  to  being  able  to  rc^^  Crom  Los  ^oies^  a  Post  headline 


this  Instruaent  vlll  Proba  the  saall*-scale  sttucture. surrounding  the 
enlgvatlc  energy  sources  in  the  cores  oC  quasars  and  actlvo  galactic 
nticloi  and  vill  dtreotl/  deternine  tha  distance  scale  vlthln  our  Galax/ 
vlth  unprecedented  accuracy  <see  APPendlx  D) . 

Ttie  National  Science  Foundation  is  currently  conpletlng  a-peeT' 
ravlev  of  tha  VLEA^  on  the  basis  of  vhictk  the  Panel  feels  that  NSF^ 
sl>ould  b«  in  a  position  to  s^ke  a  positive  connitAtent  to  tbls  important 
Pr<?9ra».    Accordingly*  tfte  Panel  rococmands  that  in  n  1984  >[SF  cocwlt 
to  conftruction  o(  the  vi*BA  *nd  ensure  its  timely  completion  through 
avard  of  £^-3  (ailUon  for  a  Cinal  design  atU43y  in  FY  1984.^  tlia  Array 
utillrea  proven  technology*  and  its  c6sts  ma/  be  accurately  eStinated. 
Cbnsrructlon  oC  the  VtBA  vlll  requires  additional  funding  of  SfrO  alllion 
spread  ov«r  FY  1965*^1987.    lk>v^vttt  It  vill  be  critically  Inportant  for 
tISF  to  construct  and  oporata  tike  VLBA  vithout  a  further  erosion  of 
prggraaaatlc  t>^M  Cunda  vithin  the  US?  Astronoisy  Division. 
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^PPiovtL  of  th«  VhB^  viLL  Mck  thfl  «nd  of  m  long  hlacuv  In  ch« 
cortstcuctlon  of  n«v  gi^und-bttstd  aftcronoalctl  f^cllUiM  by  USF*  ni« 
l}70'a  »v  tht  ccapi«tlon  of  th«  V«ry  L«r9«  Arcay  c«dio  ceLe«oop«  ti««r 
Soeorrof  but  conatruotton  of  a  25-met«r  nlXLin«t«r-WAVfl  cwSto 

c«U«cop*'-aUo  r«coiBAttrid«d^  by  ch«  1^72  d«cad«  rtviftw  oomitteft^-wttG 
dflftrrod  for  a  number  of  y«ac«  for  fiscal  raasona  and  la  not  at  Praftvnt 
b«ing  con«ld«cwl  foe  funding  In  tha  font  originally  proposed*  During 
~thlm  parlour  oW«Y  rril;lonB~liTva~Eak^^  tha  unlt«d 

Stacaa  In  thm  Important  llald  of  alLll»tac-waVa  atudlaa  Of  acovia  and 
KOLacuLaa  in  apaCt^    Tha  f  laid  of  VLSX^  vhloh  vatt  aLaO  plonmrad  in  th» 
xjnic»d  Scatasf  repravant*  an  outstanding  opportunity  foe  maintaining 
Laadarahlp  in  thla  ajicltinQ  flaU  of  aclanca* 


K«w  TachnoXogy  t^Laacopa  (HTT)  of  tha  XS^Hetar  CLasa 

In  cons Idatlb?' thla  projactt  tha  AacronocK/  Survay  Conaittoa  vcocai 
*tha  CoMltraa  flnda  cha  aciondflo  Mrlt  of  chia  Inatrtusant  to  ba  as 
high  4«  that  of  ^ny  othac  facility  oottaidacad  and  aaE)liaal»a  that  ita 
prlodty  ranking  (Ho*  3  asong  'Vkioc  n«v  progran*)'  doaft  not  r^fiact  ita 
aclantlflc  in^ctanca  but  rathar  Ita  Qtata  of  technological  ceadlnaaa^ 
Tha  daal^n  atudlaa  ito^ed  bafora  OTT  can  ba  eowattuctad  ata  of  th<t 
hiqhaat  priwlty:  ■nd  ahoold  ba  undartafcan  Imaadlately:*  *    tbus#  tha 
Comltcaa  asphaaliad  tha  Ibportaitca  of  an  Imadiata  dtact  toward  chf* 
ultimata  goal  of  KTT*    iba  >^  haa  bean  studied  ac  a  Lov  Level  for  the 
past  savacal  yaacsi  because  of  tha  techiwloglcaL  challenge  ol  tha  ifST 
projects  an  augsiantatlon  of  thaaa  atudlaa  to  the  leveL  of  $2  nlXLion/ 
yaac  In  each  of  Vt  L}S4  and  l^a?  vlll  be  required  to  permit  a  final 
deaign  to  be  aelaccad  by  TY  MS* 

A  gcoun^bAaed  talascope  In  the  L5-^«cac  clAsa  vill  aake  ponerluL 
conttlbudons  to  optlciL  ^nd  Infcared  aacronony^  pactlcttlAtiy  thcoogh 
flptctcoscopic  obaarvatlona  of  fainc  stars  and  galaxies  chat  cannot 
pcactlcably  be  carried  out  vith  praaent  in^tcgiftanta  and  through  inftaced 
obaacvatlona  vith  high  anguLac  rasoLudon*    Hav  technology  develops 
during  tha  L9T0*s  has  ude  it  feasible  to  bulU  telascopas  on  this 
scale  ac  n  coat  far  lover  than  vooLd  h«va  bean  poaslbL«  o»ly  a  tw 
years  ago*    the  capabilities  of  HIT  vlLL  coapiflnant  tbose'ol  Space 
TtlaAcope^  vhlch  haa  higher  angular  resolution  but  leas  Light^athorlng 
pover  In  the  optical  caglon  of  the  ajpectcumi  and  ol  9IRTF#  vhlch  has 
higher  sansltlvlcy  but  Lovac  angular  resolution  in  the  Infrared  spectral 
can9fl,    tha  apectroacopic  stales  requited  co  follow  up  on  the  dls* 
covarlea  by  9t  can  bo  carried  out  only  vith  en  inaccuaent  having  tha 
apercuca  Of  HTTt 


^  ;   Moderate  Hev  pcogcaA 

i 

Au9Hncatlon  to  tha  HJ^fiA  Bjiftlocer  Pcogcan 

A^on^  Bodarata  nev  pcogtaiaa  recoooanded  for  the  l^BO'ar  tha  Astconmoy 
Survey  Cofualttea  Hated  an  au9Bencation  to  tha  HJ^SA  EjiPlorar  progcam  as 
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th«  hl^haAt  pctorUYi     *i  *  *  ch«  fLt9hc  of        BxpLocor  niaalons  has 
in  rtc«nt  fAlUn  «uch  b«lw  th«  rat*  n«f<l«d  fOi  h«altl^  advanc«« 

Th«  »te  will  d«cLtn9  eV^n  fl^f*  draAtlCdUy  duflng  ch«  tAtly  L90O^a  if 
prtta«nc  bwS^ttt  i«v«U  a^*  not  Incr^avvd.   Ttiv  Astronwy  Survoy  Coanttt** 
thus  r«coiaB«nds  an  tosedlate  vnd  subotMtlaL  augoMncatton  to  ch« 
ExpLoc«r  pc^gruL  to  Cflstorft  ic  to  at  i^ut  the  r«AL  Lov«L  of  «ffoct  of 
1970.**    An  augHntatton  of        ntLlion  in  FY  3^984  r«Pr«»nta  «n  Impor- 
t«nt  ftrat  step  tn  c^apon^a  to  this  c«coaB«n<]ation«    such  fundttbg  will 
pcrnlt  tho  accaL«rat«<l  davaLOpQMnt  and  launch  of  thr««  KxPLOrar 
alaotona  cucr«ntLy  In  vartoua  stailTaa  of  Pr«Pacatlon.» 

I,    ttit  Coiatc  Backqtowd  BJtPlorar  (Co&B>i  notf  undat  davalopMnt* 
taat  thtt  big-bang  ogdaL  of  th«  UnlV«raa  by  ftxtrovoly  pcfcla« 
aaaaureakenta  of  th«  cosnlc  mlcrotfavc  bocliground  cadtatlon^ 

3i    Tha  gxtfap«  tUtravloiat  EJiPIorat^OVS) ^  at  peasant  undai 
atodyr  tfUL  conduct  tho  first  alL-aky  «ufv«y  of  BUV  aourc^a^  closing  an 
Important  gap  tn  :>ur  kiwvU^iga  of  ^«  coa»lc  alactrooagnatlc  aP^trun^ 

3*    Tha  x-RaY  Ttalng  EaPIoror  jXTE)  ^  aLao  now  undor  atudy^  t^tLL 
parAtt  atudtaa  of  tha  varla51Llty  of  x-r&y  aourcaa  on  tt«a  aoaL«a  fro« 
atlLtaaconda  to  yaara^  providing  naw  conatralnts  on  TOd«L8  of  neutron 
ataraf  ^ccratlon  dtaka  around  coLlaP*ad  ttara^  X-r;ay  buratarar-and 
quaoara  * 


\ 

1 
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Append iK  A 

Ett«Pcint«4  feoia  Sclemrej  August  20^  Voloott  211*  Ho*  ^561^  p. 

691*    Couct«sy#  Anerlcai)  Association  foe  the  Ad^^ADceAent  of  Sci«f)i;«.l 


Astronomy  and  Astrophysics  in  the  United  States 

A  reccnll>  mued  repon  *  on  juiivnomy  txpn^  '  Suture  offers  no  ^rcjlcr 
H^lcndof  thazi  Lhc  starry  iV>  ona  ctc^>  dark  itigbt  Siknt.  timclrts.  ^vi^]»l 
wtLh  tbt  cO(Utc[ls'ion\  ot  ancient  myth  and  ]c£cnd.  ihcr  ni.'ht  sk>  lui 
inspired  woAdtr  ttiTou|ihoui  the  agt^."^ 

For  (no^  of  human  hi^LOryp  Icidcftbip  m  \m[r>tn^  ihc  bcavcn\  lut 
fcO(le4  elsewhere,  but  dimn^  the  20lh  eenlury  the  United  Stales  has  been 
the  woftd  ecnter  of  attrvnomy  This  preeniihenoe  ba\  \>ttn  due  to  good 
firmiKial  \iiPFM>n  and  (he  imafmative  cr«ation  of  mnovaiive  observing 
equtpmcnt  The  Opabititiei  or  excellent  opite^l  telescope^  developed 
during  the  fuu  baJf  of  ihi\  century^  were  laier  extended  by  ^ufPmvnt 
d«^iped  (orC^rviH  ihroughoui  the  eJecicwmgneitc  spectrum  Leading 
supporters  ot  the  development  of  opiical  telescopes  were  the  Cortiegie 
:niitLmh>n  of  Washington,  uith  ii\  Z  5-meter  tele^^ojic  Mount  Wtl^on. 
and  the  RoCKefeller  FounJ^iton.  svhieh  gavr  the  Catifornu  (n&ttmte  or 
Technology  fund\  to  fcuild  the  f.meter  fclcsc  rpc  m  Mouni  Patom^r  More 
recently^the  N^liona]  Seience  Foundation  h^s  become  a  major  funder  of 
ground-based  asir^ortomy*  while  NASA  hat  provHJe^J  exeellem  facilities  m 
spaee  The  United  States  has  ted  in  eJipJoraiion  of  the  ^r  sVsiem  In 
«ddition^  n  has  launched  ^ee  vehicles  thai  have  p«rmtu<d  observations 
vrhieh  eoold  not  be  achieved  from  the  e^rth  because  of  absorption  or 
wJiatinn  in  the  atmosphere  The  St»We  Tefcseopc.  to  be  lajnched  in  t^iS, 
will  be  free  f<om  atmosphene  mhomogeneitie^  thai>blur  sources  of  light  and 
vtill  be  capable  of  high  resolution  of  ofii^ets 

By  1970^  generous  support  o(  An^ncan  astronomy  h^d  fed  to  many 
diuoverK^^  including  Hubble's  expanding  universe^  time  and  eelesiial 
distance  scales,  quasars,  ^.ray  sovrees.  hi£h-<nergy  cetestial  g^mma  ravs. 
the  comuc  mietvwave  baeksround  radiation,  and  polyatomic  n>a!bcu1es  m 
inKTsreltar  clouds  Discoveries  during  :he  I970\  incluifed  neuiron  stars 
acctfting  matter  from  nearby  eompanion  hot  inie<gaiactic  gas  whose 
mass  nvals  ihdt  of  the  galaxies  themselves,  vast  regions  of  interstellar  gas 
heatediohundredsof  thousands  of  degrees  by  shocV  v^ses  from  supernova 


Co^whh/i  cNvrixui  ;tcMk(it^  rwii  wiiht'vii^  or  mit 
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enptfnionv  am)  z  KrdvniiiODa)  len&  efTect  observed  (he  iplilting  of  tight 
(torn  A  <Jitiant  Qtu^r    (tie  Itght  t^jkcI  thrauBh  »(i  iniefveiiiii£  saiaiy. 

T>e  cooinbutions  of  AcnerlCan4ttro^^lt^y  are  tcnrjf<jiiil  tcnprctstvc 
However,  leadership  eannol  br  maintained  by  rctltng  on  our  lauitlt^ 
Contuuitng  preentinence  of  ihe  United  Stated  vttll  be  dependent  on  well, 
mined  P<^\t,  who  in  Provided  wrlh  tiipcnor  c^^^uiptnenr 

Ihc  aitiofhicnieal  community  lut  ma<Ee  a  eareful  and  Kaichmf  Mody  of 
*Pportc,ii1ics  j^nd  needs  for  support  for  ihe  ^9Mf*s  Through  extensive 
<Cfnulta1»n  and  Jelibcraiion^  a  con^nsiis  has  been  ^ehieved  'Hte  <^J0' 
ocw  e^iuipment  recommended  includes  t*>  an  advanced  ^^^V  Astrophysics 
r^ility  operated  in  iPVeci  litl  a  Ver/.Lo'^ Baseline  Array  of  radio 
telewof<i.(*u)a  New  Te^hrMrfW  Telescope*  15  mciers*ft  diame*fr,  for 
ground^ted  studies  tn  ihe  optica)  and  infrared  refions  of  the  sp^trum^ 
an4{iv)alaTKe  Deployable  Reflector  m  space,  mi  oFihcscpcopotaJt  would 
HjbitanliaJlJ^  cKicnd  the  eapabililies  of  astronomy.  For  ejianvP>ei  tht  Very- 
Lon$.Baidine  Amy^uould  have  an  angular  resolution  lOOtimes  better  than 
ibaiofanyoitienmast'foimiOg  teteseopcatany  wavtleOgth  liwouTd  yield 
detailed  radio  images  of  qua$;.r$H  ihc  nueki  of  £>taiiet^  and  featuns  of 
inter^tellae  mo1eeu1>r  elouds  and  other  aitronomieal  ot(t«<:it.  The  Htu.  and 
thud  nems  above  would  be  important  for  many  stuJies.  pertiapi  the  mosi 
mterestmg  bc<nc  the  examtnaitott  of  extremely  distant  o4>jefts  vthose 
rwlulion  wa>  enuiied  carty  ui  the  history  of  the  universe. 

The  report  ts  ^|  eonitrueted  ^nd  readable.  It  states  well  the  ^hk  for 
additional  cxpenotmres  for  ajtronomy.  Because  of  c'^ent  budgetary 
problems,  MS  rccommendalioni  may  not  be  quielily  aet.«picd  However  a  n 
denied  to  be  relevant  to  the  l9S0's  and  at  least  part  ,>f  tt  wtU  surely  be 
uTurnately  imptemenled— PiMttr  H  Avtt^K 
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Append  iK  B 


[Reprinted  from  ftstronomy  and  Astrophyslca  tot  thm  HOO'aj.  VQluiac 
Report  of  the  Afltnatiopy  Sotvey  Coiwolttee  (Wjishlngton,  D.C.j  Mitlonal 


Xhi"  A^UK>m>iv\  ^iir\c^  C  on.mitui^  (<iki^^  n^ttc  At  thv  outlet  vt  tho 

di'ijJi't  throuj^h  thf  ^iVHnlic  profiMm^  the  ^'JtlonJ^  Swnit 
TiMind^itum  Km),  the  N^tionjl  AcronciutKir  jnd  Sp^cv  AJmmi^trd- 
U\vn  jtiU  other  folcfal  dgcncie^  Ihi^  support  b.)^  cnoHrd 

U  S  J^trcmomi^l  n^jrch  to  mJinMin  .in  ot  i'Mll  position  oJ  wodd 
t^'dJi't^hit)  ^ttnd  ^a^tk  widrrtcd  our  h^mzon^  ttti  vkpUirdtttin  of 
the  Vf\n^•^>c 


The  pni(;r*im^  rec^immendt^l  in  tliit  tv\HMt  h.\\v  bwn  tditit-d  froni 
n^^Jirh  jctivitic^  tlMt  wiTf.  Jt  tEio  beginning  vi  thr  Suf\ci  on- 
diddtc<f  [or  implomiMitJtion  Jn  fiH^I  \^Jr  1*^?  ^nd  bc\vnd  B^lorv 
pn^i'n^inR  a  >umm-iry  i>f  rt^oipmond^tum'^-  howovw,  thK  Com- 
mijuv  ^vittw^  to  cmphiVJ/o  thir  imp^irtjrta'  oj  jpprt>vcd.  continuing, 
.ind  prt'\mij\lv  ren>ntmeji JiSl  pfogram^  to  tho  profin^vs  of  Jvtronom- 
K.M  ri^^^jrch  during  ihi^  [^'mvtindcf  of  thL'  di-c^do  Thf!  prt>^ent  Oon- 
mittif'^  r*;(onintend<tttons  M)tt^  explicit  VK<ourtt  such  prng^Jm'* 
An\i  bdild  xip^^n  th^m 

Ihi^  ComniLttfL^  CtiUb  p^rticuUr  ;itti'nt:on  to  the  icei.'d  for  support 
ot  thf  fblUm'mg  .ipprowd  .tnd  ^nlmuing  pivgr^nk^,  for  whifh  the 
orJi'i  ol  iNing  i.drrios  no  imp1t<]0iion  ot  pnontv.  Spoce  TetvKopv 
dnd  iht'  .i<v\(vidl«d  bpALv  ToloHop^  Si-Joncc  In^vlituic,  bccond-};cn- 
cfition  Sp«ia*  Telescope*  inMrumt^nt^tu^n,  the  GJOimj  Rdv  Ohscrv- 
dto(y.  NA'»(\le\^;  '"i  off^jrt  c^bief\dnonol  progfdtn^,  incUjdinfi  rewarth 
With  tMlUnni'^.  .iKCfkitt.  .tnJ  ^owndinj;  fwIsirK  (ogi^tlurr  with  iW  Fx- 
pJorrr  jnd  Spacdab  prof:rjin^  the  SoJjf  Optiwl  Fclcitopc  And  (he 
Shultle  [nfr^rvd  T^le<\ophr  F^nEitv  fer  SpJCfliK  fjcilitic^  for  the  de- 
tf^ctiun  of  ncutnnnt  from  tlw  ^«bf  jntc^nor  federal  g(3rvtsjn  support 
of  basic  d^tfonomudl  re^i^rch  dt  U  S  univorsttic^,  Jnd  prof;rvim^  At 
the  Njtion^il  A^tron  jittv  C*?nto(\  Thp  MtlhmeJcf-W^vr  R^- 

dio  Triesi.  pts  v,hicii  wji  r^^mmondt'd  in  An  t^Athct  fo:ni  in  the 
Ciwnsi^in  ri'pojt,  bJ>  not  vot  Kit  iitiplcmcwtcd  Thi-  prrs^^nl  \utus 
of  thi'w  jppn^^cd.  ointmumg  jnJ  pn*^iouuv  rucommmtlL*^  pio- 
gwmt  d^^cnbcd  latw  in  thi^  <hjptt*:,  tbctr  imptirtjn^iT  die 
health  ot  U  S  d^tri>rniin\  in  tho  distu'^s^^d  (n  Chapter  A 
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grndm  in  d>tn>iu>f[iV  ^n<]  atin>ph;y$»>  for  the,         IjU  uito  ihrw 

As  noU'd  the  Piet^oor  the  (il>v^rvaitorul  ^mponents  of  the^ 
tv^rnmiriidiiiior^  rc^tnctcd  to  nmot^r  ^vniinj^  from  tKv  E^rtli 
or  iK  ^iciciitv  A  KuLf^DciunJ  dnd  ovenivw  of  (he  i^poomm^nda' 
tions  fo1h>i\'^  lut^t  in  Ihi^  ^hJptvr 

In  i>rd^f  ifk  vffvctiVfr.  tht'  re<oinm«m]cd  ne^  r«£«^tch  tnLiiiiive, 
U\t  ihe  (ominf;  tk'cjdc  mutr  ^pportt^J  by  ji  $ct  ol  ff^f^uttites 
Ihar  4)pply  to  borb  ihe  j^^thi^nng  jnd  the  ^n^y$jt  of  Ihr  daU  pn>- 
ductal  lh(f^  rremjuivites  jrc  0$!;cntiil  for  th#  tuc^^  of  major 
pHJgrjms  bui  jttf  irwxpttnsivc  by  companson  Allbough  stg^'fi^^^Trt 
swpfKHialrvadyt'xiM^for  eachr  the  Committee  swongjy  recommends 
substantial  ^gnwntdtions  in  thv  folfowmg  Ax^^i^.  in  which  tfie  order 
of  Xi^iiw^  ^Mtvit^  no  imphct^iKin  of  pnont^' 

A  h\^rUmtAlatwyn  ^nd  dftfctor^  to  utilize  ihe  hte&t  tv<hnolDgy  to 
eiah*>nce  the  cfficieJKv  of  both  new  aik]  exMmg  telescope*  m  the 
mos*  c<»%t^effeclive  iD^niu'r;  ^ 

B  Thn>nfanJdaiaAnfltifsi^.  to  facUitatr  the  rapid  an^Ly$is  and  uivdeo 
^randm^  oS  observational  dat^^ 

C  Ci>ntpuhU(ntii!  Mtttts,  U>  ptomote  dal*)  tcducfibn.  im*ge  pro- 
ceding,  and  theoretical  calculation^^ 

D  LitmMi^v  a^trOj^hifSfCi.  to  furnish  the  atomic^  molecuta^  and 
nuclear  dab  V^vntial  to  the  interpretation  of  nearly  all  astEonomical 
observations,  and 

E  tfClmi<ali^Utft*<^rtat!(roui\d  baffd^}t^iitoTtt9AQ^ns^T^xUit  mod- 
vrn  asdronoiDical  in&trumeiitattDn  i&  mamlainedm  thebe&t  condition 
permitted  by  ihe  vtate  of  the  arl 

A  dvtaded  consideration  and  Itisttflcalion  of  these  Hfii^arch  Preie^)-' 
tjisile*  appears  rn  Chapter  5 

The  Astro(H>mv  Siir^  ev  Conmiltce  rec^immcndv  the  approval  and 
fonding  of  new  programs  in  astEoiiomV  and  astrophysics  for  the 
l9!Kf  \  Theso  have  been  arranged  into  threr  calegones  jceording  to 
ibv  -^ah^  of  re^oorcl^  ri'<]Otred 
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A  tMifiit  Scu'' l^nt^ttvtf^    }\n'  C  iimtnilUi'  bvlit-^t's  that  Utut  mjjor 

itttrntlii^j;  the  MIowing  order  of  piwittv 

p^rm^nrnt  rulional  <»lT«(*r\'dtorv  in  sp^nr^  to  pruvide  n-iAy 
piciuiis  iti  ilu'  UniM^rMr^com|Mrjblrinilcpth  jnd  Jcuil  wMh 
Iho^  o(  i\w  most  oplicol  oiid  fodio  tf.'kK»pos. 

C<>ntiinjing  tbr  rtMiwrkjVlc  tlpv<?lo}inu;nt  ol  t^hntAifgy 
jppJtcd  to  jsiroikoni\'  dunn^  Ihi-  I9?(rs  ihis  focihiy  witl 
combine  ;;rotly  improved  iingubr  ond  spt.'Ctrjil  Ttriolutton 
with^ttfiisilivity  uploonchundjcd  limes  gre^itef  Ibfln  ih^H 
of  ^ny  previous  n-KV  mission 

2  Vf^v  LoJhf  Sn^^ittr  i\'t  BJ  of  wdto  U'lcscopes  desigrvcd 
to  prvducv  r^dio  imoj^os  wjili  ^ngiubr  rtsolubon  of  0.3 
milJuKSi  cond  Amonj;  ta^ny  potcniidl  AppliCJilions  ot'prO' 
fouiuJ  l^lpoHJncl^  this  mslnimeTil  wifL  piobi^  the  snul]-$<^1(^ 
i.:ruc1ttr«  surrounding  Ihc  i-nignu1ic  cn4.-r£V  sources  tn  Ihi^ 
cor«s  of  quJsiT^  ond  octiw  j^ibciic  nuctoi  .iml  will  Ji/ectly 
dt^t^-fmini*  the  disunce  5<^te'vri1bin  our  C^bity  wtth  un- 
prccrdenlod  accuracy 

3.  A  N<fU'  Tfchndj^v  Tftt^ie  <fm}  Qt  ihc  I5.m  clj*i  opcr^iiir^g 
from  the  ground  Jl  wavvkngthsof  O.C  lo20  wn,  tt>providf 
J  li^nfold  in<r(MS4r  in  Iij;ht'g3lb<^nn^i.ipacily  iit  visual 'ir^v«- 
knglhs  ^nd  A  Imndredfold  incroast'  sj>ccd  for  sp4<tros^ 
copy  jl  infrared  wavelengths*  with  application  (o  A  very 
wtdf.'  r^nge  of  scienhfic  proMem$w  Hie  Committee  firsts  the 
scientific  meni  of  this  instrument  to  bv  as  high  fts  that  of 
ony  other  facihty  considered  ^nd  empha$ize5  inaX  us  prtonty 
ronktrig  dvvs  nol  lefTect  it5  $<ienhfic  importune?  but  rather 
lis  slate  of  technologiisil  teadinirss  Tkt  dt^tgn  studtfs  nttd^d 
btforenn  tan  hf  omitructni dttofiht  hi^htst  ttmnt^  and  itu^utd 
bf  undtrtakcH  immtdtatrty. 

4  A  LflTj^e  Offfhviibtr  Rtflccti>r  in  space^  lo  carry  oul  spectro- 
scopic and  trtuf^ng  observations  in  the  far^infrared  and  sub* 
mtliimeiet  wavefength  regions  of  ihc  s]fec1rti*n  that  are  in- 
ac^essibSf  to  study  Jrom  the  ^oundr  thg?^ extending  (he 
pcwetful  capibihtiv^  of  Kit  to  tbesv  toitger  wavelengths, 
Sus'h  an  inslAimcnt,  in  ihe  lO-m  cla^  will  present  ttnprco 
cdented  oppoitunibes  for  studyii>g  molecular  and  atomic 
processes  that  accompany  the  formation  of  stars  and  plan- 
etary systems 

B  ModCTfltr  Nfuf  Pro^ram^  In  rough  ordet  of  prtonty,  ihes*  aic 
I  Att  at^mftftalKin  ii*thfti\<>A  Exptartr  ptjo^ram*  which  remains 
a  flexible  ^nd  ti^^hlv  cosi  cffecttve  means  io  pursue  impor- 
tant new  ^pice-^ence  opportunities  covenng  a  wide  ranf^e 
of  objects  and  m-atly  i-vcrv  region  of  the  electromagnetic 
spectrum 
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2  A  faruUntvwkt  ^fKlro^taj^  in  c^nv  out  ^  thp^ugh 
study  Pi  the  900-1200-A  legion  of  the  Sp«tnitnr  impoiUnt 
for  studies  of  stellar  evpluti^fiir  the  tnt«rstet!ai  nfinfuirTij  and 
planetary  AtmPsplwres. 

3  A  spiKVviD  inttrfemtetn/anttntta  m  low-Edith  orbilr  to  cxt(>iid 
the  powerful  vlt\  technique  into  ipcux  in  pardllel  with  the 
rapid  cotnpfctiOii  ot  a  grottnd'h^sed  VLB  Anayr  in  order  to 
piovwlc  mcft  delJtted  nadio  rrups  oi  tomplcx  sources,  g^tcr 
sky  cover4)gVr  ;ind  higher  time  resolution  than  thcAiray  can 
provide  alone- 

4  Tht  K^n^iructu^K  ^  opftcaVmfrartd  klfsccfiei  m  thf  2'$*m  da^Sr 
to  observe  transieni  phenornena.  <orK]oct  lorvg-tenn  survey 
and  sufveJUnf:^  progi^nns.  provide  cruci^Uy  needed  ground' 
based  support  to  sjMioe  aslronomyr  t^nd  permit'  the  devel- 
opment of  in$trumertution  urtdci  realistic  ob$ervir^  <on> 
ditiorts.  The  Committee  p^rticubily  encourages  Rderal 
»istAn<e  fpf  those  proje<ts  that  will  ^so  receive  significant 
nonfederal  funding  for  constru<:tion  and  operation. 

Sr  /^Nj^SfoffJtfftJSoferOtemiiiiwyinspacOrtopfovideobsetvahons 
of  our  Suiv-the  nearest  slai— simultaneously  d\  opricaL  ex' 
trme  ultraviolets  gamnta^ray^  and  x-TAy  wavelenglhsj  to  cany 
out  tong'tcrm  sluJies  of  lar^cscate  ciroilationr  internal  dy> 
rum>C$.  high-enecgy  tiartsient  phenomena^  and  coronal  ev> 
oluticyn 

6  A  itrits  0f  co^mtc-nn/  txpt'imtrls  in  spacer  to  promote  (he 
study  of  solar  and  stcUar  activity,  (he  tntetstellar  mediutnj 
the  ongin  of  the  elements^  artd  violent  solar  and  cosmic 
procesres 

?i  Ar^a^tr^mt€a}S(aT^forEztTalftr^tmtinl<lIig!r)Kt(smh^\xp' 
ported  at  a  modest  leveir  undertaken  a^  a  lor^'lerm  effort 
rather  thdn  as  a  short'lcrm  project,  artd  open  to  the  partic- 
ipation of  the  genei^al  scientific  community. 

C  Srodf/  Nai'  Programs  The  program  of  highest  pnonty  is; 

*  An  antenna  appioxtmatcLy  10  m  in  diameter  for  submilli- 
metei'Wave  observations'  at  an  excellent  ground'bdfed  site. 

Other  programs  *>(  Oi^tstaruiing  scientific  meritr  in  whidi  the  order 
of  hstir^  carries  no  implication  of  priority^  are  as  ^Uows'  ' 

*  A  spatial  interferometer  for  qbscivations  of  high  angular  r^s- 
olution  in  the  tnid-infrated  region  of  the  spectrum: 

^    *  A  program  i^f"  high 'Precision  optical  aslromeliy;  and 

t     *  A  temporary  program  to  maintain  SCientihc  expertise  at  U  S. 

universities  dunng  tho  19S<X5  through  a  senes  of  competitive 

av/ards  to  young  astronomers 

Detailed  discussion  ihd  justification  of  the  New  Trograms  appear^ 
in  Chapter  6 
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running  dnd  dv^^lopnwrrt  ^tv  ofti?n  tim^^-^tLnsurmnf^r  (^peciAUv  foi 
brgc  projects  It  i%  ihcivfore  knDp<-rUn1  iJunng  the  ^minj;  di*<Md«  to 
bvg^a  !»iudy  4nJ  ili?vt^U>pmt^nt  piDgi<Hns  thai  dp{>e«ii  to  haw  t^!(* 
cvption*il  pmirnsf  for  the  l*>90'sdnj  beyond  ProjotlsdnJ  i^udj^  jfCii!. 
rv^^>lnm^^ndtd  by  tW  CofKimm^M^  in  this  cjtegorv  itwludr  the  foHow- 
ing,  in  which  ihe  ufdcr  oi  hstiDj;  C4kincs  no  impltCiAtion  oi  priority: 

A  Future  X'tttv  ob^rvdlnricv  in  %p^iVp 

b  In^trum^rvtt  for  th^  dvttfCti^n  fif  gr.)VMAno[i4l  wavv^  fmni 
tn>nomtc*il  obj<?ctSr 

C  Li>nj^'durLi*K>n  ipflctflishts  in(raW  ttlescopcs  cooled  to'cry- 
og<?nic  ti^mperttturcs, 

O  A  vwv  >ii'S<r  ttlescopf;  m  jpjce  foi  optital,  ultrjft  lokt,  ^nd  nwr- 

\\  A  piogr^m  of  atU^nci^d  int*ifcromptiv  *n  the  radio,  mitiuid^ 
dnJ  optKd!  spfttr^^  n'j^on^; 
F  Ad%"anctd  pammii-Tav  %"\p*nintnti.  AtiA 
G  A^tronomioil  obi«r\'*itont:*  on  the  Mot^n 

Dttdilcd  discussion  of  the  rrv>;r^ms  for  Sludy  And  Pmlopmen^ 
Appodr%  m  0)<ipt^  7 

E!>rtMArrt>  t  tiM  t>f  Tr«  RK.o%lME?jOAr((?hJ!> 

In  order  tv  establish  ovcraU  ^aIv  of  the  rccommtnilird  toUi\ 
program,  iim^  C<Hnmjtt?e  j;iws  m  Tabic  2  1  its  m>rr  dpproxim^ti^ 
cttimatcs  oi  thi"  rt-qmiements  for  ntw  funding  wcT  the  ntfJrt  10 
y^drs  in  milltons  of  l^StJ  dollars  Funds  for  projects  to  be  ^up* 
ported  by  NaSa  n^rcsent  respArch-arMl-dcvek>pivicnt  funds  within 
Vasa's  Oifice  of  Space  Soence  ^nd  Appbotiom  (ossaK  londs  ^o^ 
projtct^  to  be  *upp<>TlpJ  by  ^sF  reprewnt  kitdl  <ost  to  n^f  Oi>- 
cr^ting  costs  oie  included  for  those  f;)ctli1te$  expecfcd  to  become 
operation^  tn  the  19^^'^ 

The  funding;  vntn^  for  the  Trvr^uisites  ior  Neiv  Re^e^reh  Initr 
,itive^  repre^ni  augmentations  to  the  present  kveU  oi  «tippott  for 
these  dCtivitie^t  wtthnt  ^^  ^ind  ^^v^A  as  rt  exptxied  that  the  two 
jgencies  wiH  ;vor]<  loj^ether  to  coordiitatc  ^pport  for  the  Pterequi* 
Sites,  speofjc  iifieiKv  responsibility  is  not  indicated  m  (he  foliowjrts 
tjble  Moi^ever  sinct*  the  freretjutsiies  provide  support  to  ^pace- 
And  Rround-b;)M?d  research  ^^t  (om^^rjble  hjvels*  the  Conimr<tee  an- 
tietp^tes  thdt  thv  funding  dugmenuitions  lo  bt^  ptovkded  by  n'a^ 
And  \sr  wi!l  be  n>uf;h1y  «qit*ii  tn  mafinitude 

In  rhe  crises  iti  the  New  l^^cgTjms.  the  division  between  spife^ 
jnd  gttmndrbJMsl  proiects  j\  cttsir  Funds  Jisted  for  the  Explofer 
progri^m  represem  Ati  du^i^nttition  to  maWs  leveh^t- effort  budget 
for  thdt  progTiinx  tbu  operations  co^ts  listed  for  f;i<Fund'k^$etl  ptt>t' 
ects/  t<igether  wnh  thi'  tempi^drv  pri>gr:im  lo  in.)intAvn  seienhfic 
experti>e*it  U  S  outs-er^ittes,  rvpresent  furthci  Jupflient;itmns  to  the 
oper^iiKins  budget  ot         AsUtmomy  DxMSion  Kem^nnkn}^  Nev^r 
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TAtJLt  2  I   Ki'^ulr«m(^nl»  for  N«w  Fundinf; 


A  tnitrmntntjiion  ind  (JtOKloo  (dniHin^  of  pctvftt  315 

iTuUKin>V'r  kvtt  of  tnnt  by  incntMitt  v>et  10  ym?) 

s  ?s 

so 
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fi  Moitritt  NVv  Pi^nfinj  In  cdu^  ofdet  of  piwity 

I  Au^^ntjitation  to  fxftitm  uttUite  pfv^ini 
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60 

<                    ttlncopct  m  the  2-5-in  dua 

20 

S  AdvjuKvd  SoUr  OtHcvltory  in  tptn 

200 

ICO 

7  An  ititonofhKil  Seirch  t^t  E^tnUfrtitrul  Inttlti- 

mJhon  for  «ptfitHn}i) 

S  4 

Oihrt  ini{H>rt«nt  prWim* 

'  $|u|ul  jpttffnoinrtn  for  iK*  mij  inffiifTd  (iKlu^ng 

SI  million  Uft  OfWibpni) 

*  Hi^  pnAiton  0pwil  ittro^wy  progfim 

3 

*  Tfmp««y  pffl^*m  ip  nuintam  wcntt&c  f»J>«ii*e  *l 

-JS 

S20 

Sl.T^O 

Program  costs  nrprc$cnt  rtcw-fundtng  r«<]uir<MDenls  for  ctthoi  ma5a 

(n(^w  surts  within  c«$a)  oi  nsf  (mAjor  cor»truci]on  wtthm  the  As- 

iTonomy  Dtvjjion) 

Th«  C05t  e$tin»tC5  for  a;icap  and  the  via  knw 

were  donvCd  with 

ihKt  help  of  individual  $ct(^n11St»  participating  in  curn^nt  ^tMdl(^^  aftd  t 

are  ba$«d  on  coasonably  compLcie  lough  d«SiKn» 

The  actual  cost  of 

srit.  huwevei,  cannot  be  e$ttm^ted  until  furihei  studies  indicaic 

/ 
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which  \t\  sm'raL  (»l1<^rnati^'  o>nci;[Jtiiat  deigns  will  be  most  cosi' 

Committee  ieTOmmcnd5  $h(yu1d  Wl  b«  tiibstjiAtu»L1y  excused.  The 
etbnutfd  cost  of  the  Large  Deployable  Reftedar  in  $pce  1j  highly 
uncertain  because  insirum^nuiUDn  of  this  type  hat  not  yet  been 
d^doped  aruf  faunche<t.  Most  oi  (he  c^tts  «s<inuie<l  fax  the  Mod^ 
eralc  PfQgrams  shotitd  be  cea&otuible  approximatiotis,  ^  they 
am  ba^  on  etcpenence  wiih  previous  tAttrumentS  of  a  stmihr  Ai' 
lu«.  Th^  costs  given  ibi  (he  augmentrttioo  to  the  nasa  Explorer 
program  and  for  ^eti,  howevci'  ShouM  be  regarded  as  target  figures 
for  the  level  of  effort  the  Committee  finds  ap^ropnaie. 

The  total  <o$t  tn  new  fundlt^  estimated  for  the  Trerequisiles  and 
New  Programs  togethej  i$  abaut  billion  in  1980  do1lax5.  Gy 
comparison,  *he  Creenstem  report  (1972)  recommended  new  pro- 
grams with  an  estimated  <ost  of  $844  million  m  1970  doUarSi  or 
appr^tunately  St7  billion  in  1^  dollars^  and  mo&t  of  ihose  pi^ 
grartiS  herein  fact  implemented  Thf  pregnant  TCC^mmftid^  here  for  th€ 
ISSO's  15  thus  rought^  CQmparabU  m  ^It  with  tliat  actuatty  curritd  Ouf 
duntig  tht         0^1  tht  Ntsjs  cf  the  rtwmmttjdntmh  <^  tht  Crttnsttin 

The  Committee  wishes  *o  ernpha^izev  however,  that  the  present 
recomm«nd^ns  wjII  ri^uir^  substantial  incr^ses  in  the  budget  of 
the  A$tronomy  Division  of-Ksr,  the  agency  pnmardy  responsible  for 
the  support  of  ground'b^scd  ostrorvomy.  If,  as  ar^Ucipated,  NSf  will 
provide  roughly  half  of  the  additional  funds  t^ired  for  the  Pre-' 
reqiuisitcs  for  ^ew  Reseacvh  Initiatives^  an  tncreose  of  about  30  per- 
cent in  the  A$ironomy  Division's  operations  bU'^g^l  over  hie  real 
level  of  expenditures  dunng  the  1970^s  will  be  required  for  nSf  to 
carry  out  its  share  of  (he  reoommertded  program  over  the^  rtext  dw- 
ade.  Funds  needed  by  nsf  for  ma|Dr  <urutruction  ovef  the  next  to 
years  will  alfO  be  substantially  higher  Ihar^  tho$e  expended  during 
the  I97(l's,  which  saw  the  completion  of  only  one  major  projecti  the 
Very  Large  Array,  at  a  ^ost  of  S78  million  Thf  Aitromnty  Sunxif 
CQmmttitt  beitevts  that  the$t  tncrtasts  m  tht  NST  bud^iet  fCT  ground  bastd 
astronoitt}/  ate  t$$tnttal  to  mmiam  an  effeciit^  ^rtntrshiy  mtk  vpa^t  as- 
trQtufm}/  durtn^  the  IffStTs 

BACKCfOUNO  ANOOVERVtEW 
The  Cre^nstim  Report  ^ 

Thi^  publication  of  Astrcnmy  and  Astritpki^c^for  the  1970's<the  Green, 
stein  report)  by  the  National  Acodomy  of  Sciences  m  1972  hod  « 
powerful  impact  on  the  development  of  U.S,  astronomy  and  astrcN 
physics  dunng  1972-1932.  The  federal  government  or^  the  whole 
responded  positively  to  its  recommendations,  with  the  result  that 
Ihe  faolitics  available  to  U,S  asttonomers  have  enabled  Ihem  to 
remain  at  the  frontiers  of  research'  Here  we  review  the  respor^ses 
to  the  recommendations  of  that  report  and  their  impact  on  the  prOg' 
res*  of  science 
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CTt^nstctn  report  the  conitruchon  of  a  Vecy  Urge  Arr^y 
{vijv)  rvtdio  tdescope^  together  with  in^r^ascd  support  fqr  sm^ljcr 
fdCihtics  FimdcJ  by  ^sf^  th«  vLA  was  constructed  in  st^^es  during 
the  lWsai\^  fontidlJy  dedicated  in  im  by  far  the  brges^^nd 
iSosI  complex  grOund-ba&«d  astronomic^]  fdcJity  esl^bltshed  to<(ate^ 
the  VLA  waj  completed  on  ^edule  and  ^vlth1I1  budget  vLA  stQdie^ 
of  radio  sources  are  already^aving  a  large  impict  on  both  Pabctfic 
anJ  extiagar^ctic  asttOncmy  (see*  for  ejtamph^  the  cover  of  this  re- 
pott).  '  ^ 

The  recommended  increase  in  fundii^  for  smaller  radUHastTonom- 
ical  facilities  did  not  matenalii^*  however,  nor  has  fundii^  yet  b««n 
provided  for  a  riwmiiiCnded  m»lhni«ier-wave  radio  telescope,  then 
piOjCded  to  h^jve  a  diameter  of  65  m  and  to  be  opecable  at  wave- 
lengths down  to3  mm.  Since  the  publication  of  the  Greenstein  rtport^ 
the  study  of  Interstellar  miHecuks  A  milhrneter  wavelengths  has 
yielded  insight  into  the  process  of  star  fpimation/  as  the  science  has 
progressiv4|]y  moved  to  shorter  viravelengths^  there  has  novir  evolved 
a  need  for  a  smaller,  more  j^recisely  figured  telescope  of  2;>  m  di- 
ameter, slill  offering  high  sensitivity  and  spattal  Tesolutlori  but  Op*  % 
erabEe  at  wavelengths  down  to  I  mm-  The  recommeridation  for  a 
large  centimeter^ wave  anlenna  was  not  implemented,  although  ex- 
istii^factEities  for  observations  at  wavelei^hs  longer  than  Icmhave 
been  maintained  and  in  some  c^ses  upgiaded- 

Opit^d  Cround-lksid  Mironm^  The  second^prionty  recommendation 
was  for  a  variety  of  steps  to  enhance  the  Capability  available  to  U,S. 
optical  astronomers.  A  key  proposal  was  t^  development  and  con- 
struction of  a  multipje^mlnor  telescope  (MMT)  with  aperture  equiv- 
alent to  that  of  a  conventional  telescope  in  the  3  8-5  (^m  rartgh  thi'f 
project  was  to  be  followed  by  the  construction  of  a  larger  ^tvtr.  of  ^ 
10-15'm  aperture^  if  that  proved  feasible^  or  by  a  coiwentional  tel, 
escopc  of  5'm  aperture  if  it  did  not  A  4.5^  MKfT  has  in  fact  b««n 
dcvdoped  pointly  by  the  Smithsoman  Institution  and  the  University 
of  Arizona,  becomii^  operational  in  I9^s  However,  neither  » larger  ^  * 
MWT  nor  a  conv<*ritJonal  5'm  telc*<op*  has  been  funded*  with  the 
result  that  the  bigest  instrument  available  to  U.S.  optical  astrono^ 
mers  is  stiU  the  5-ni  Hale  telescope  on  Mt,  palomar,  whicnjfrent  into 
operation  35year«ago,  AsaresutL  optical  +  jectroscopy  of , he  faint- 
est galaxies  and  quasars  discovered  by  radio  and^-ray  astronomers 
hasrwt  kept  pace  with  n<^w  discoveries^  even  though  these  extremely 
distant  objects  are  of  great  interest  because  of  thetr  beanng  on  <h^ 
natute  of  cosmic  evolutionary  processes  early  in  the  history  of  the 
tini  verse 

The  recommendatior\  also  called  for  equipping  existir^  telcKopes 
with  advanced  electronic  detectors  and  controls  Although  major 
progress  was  made  in  the  developjitent  of  such  devices  dunng  the 
IWs,  they  have  so  far  been  provided  to  only  a  few  majQf  oUerV' 
stones  The  capability  of  instruments  now  available  for  use  on  most 
of  the  nation's  optical  telescopes  stdl  lags^far  behind  state'of'the*art 
technology 
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»^v^^  ngnt  4>(  theit  has  tvert  iu""<J*d,  iAi  thv  rution*  major  t^ptiwL 

JttjraraS  A>tTon<trtt\f  The  ihinl^pnoJity  TwonimL'nddlum  c^tLlc^l  for  an 
dCfi>^s-thi*'Svird  in^ivttsc  m  buppaft  lor  intff4)ri*d  a^tronomvp  wiptch 
^\  thAt  hme  wai  lygirtnmg  to  dcnum:itr*to  lis  great  iinport*iiW  * 
Support  hrti  mcrejM^K*ub*tamijUv.  tlirisngh  Xbf  furkdu^g  of  two 
fn^por  ground  tntfit^rcd  tolos^opis  (IhC  i  3'fn  triK^Tsilv  of  Wy- 
oming Irttfrttrcd  01>s<:n'i)tun'  reflector  artd  thL'  ^-m  Irtfr^tlVd  TctoitCopc 
F*iciUty  opcrjl^jd  by  ha^\  Nfaut»d  K\wJ,  the  Kutpex  Airbort»0  Ot>* 
scrvaiocy  program,  4trtd  d  balloon  program  Art  international  I  rtfrai^  ■ 
Astiroiu>my  S^tcDtte  (litAS}.  ^tu-du1od  for  burKh  in  1^2,  will  ca;ry 
out  J  oompivhort^ifv«.  f^inrtirtrvd  bun'ey  of  tho  skv,  as  vailed  for  in 
lft<^  Cre«ftsteirt  Kfo^t 
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Appendix  C 

[Reprinted  tsota  Mttonoigy  and  Aattophyalca  for  tho  l9S0*ai  volume  Ij 
Pftpott  of  the  Aatron<>igy  Survey  Coiaifllttg^  (waahlngt^m  D»C»j  Batlonol 


^  ^  Hit'  Sktittlf  tnfrarfd  Uti^ye  t'actttti/  <nIKI1J 

The  propt^svJ  ^IHTT  will  th^  connrfsjtonc  of  fL-£<'<iich  in  tnfr^ri^ 
*istront>mV  during  Itw: ! Aslr<>nomy  SumV  CommillCM;  )oins 
^vilh  the  SpMx  SwnC^:  tkMtU's  GjmmiHcc  onSpaC^:  Avlronomy  And 
AsliophvMCs  {A  SfwIt^V  iof  Sj«Vr  -A>ff<fmtmj^  jh^  /blfopn^ics  for  ^ 
l<i!fO^  N^iuonal  Acadmy  of  $cn*n«s,  Washmgton.  DC,  m 
J     rixommcnding  ttus  facility  <i»  the  tirst  major  mfr^n'd  lde£<:opc  in 

^  sikil  will  permit  invi*^tLga turns  ovt'i  Iho  cnormout  r^ng^Ot  wavc- 

li^n^th^  from  2  lo  300  iim  Tor  same  important  typti  oJ  absi?rv*itions  > 
jt  \^ilL  Iwtdusc  ot  J»s  cryopcmcdUy  ojoJcd  optics,  Viold  a  sensitivity 
giim  oi  lOOO  over  Ihv  targcst  existing  ground'ba£«d  4nd  airborne 
iniMied  lele^pe^  this  gyim  tn  ^'nsiliviiy  i^  50  laigc  th^kt  it  is  not 
unrcaM>nab1e  to  expect  Itul  vnll  make  impotent  and  uncx- 
pcct4>4  discovcnes  The  nnultiple,  intcjchangcaHo  focal-plinc  instrU' 
*         nwrnts  planned  for  siRti  wrt]  moHJOver  greatly  increase  ogr  ability  to 

N      '  'cxptorv  the  evolution     distant  cxtragalactK:  sources,  the  physical 

propertie^i  and  ehemiNalcompi>$Ltion  of  molecular  elouds^^nd  regions 

^  ol  star  formation,  UlCj^tur^^  ^  cometary  nuclei  and  ^jsieroid^i, 

thi!  strucluif  of  pbnctity  atmosplietes  For  example.  siitrF  iV^II  be 
able  to  detect  infrared  souice*  at  the  lirnits  of  the*-'  wrvable  Uni^^-, 
on  one  Shuttle  (lij^ht,  i/couM  father  info  n>ut>oti  \  sources  ofl^th 
large  A\l%moll  red  ^IVilt,  thus  permitting  a  eomp^nson  of  the 
ergetics  oftjOSsSr^apd  gjj^jd^  Jit  thecarbesi  epochs  of  tht  Universi; 
*  ^        with  those  at  the  prcsfirtepoch  Bccaus*  of  i*s  letativcly  wide  field* 

of  view,  6JRT3F  vnW  also  fc(^le  to  carry  out  efficient  survey$of  infrar^ 
$ouiees  t^^at  will  help  to  optimize  the  observing  programs  0/  brger 
iitstnimenis,  sueh  ^s  the  New  Techrwiogy  Telescopv  <WT),  (he  vLO 
Array,  ^nd  a  Lar^  I>epk>y4bte  lU'flector  {IDr)  fn  spaee,  whieh  have 
rurrowef  fields  of  view,  * 
*  siBTT  should  be  4n  (-"arly  and  /lequently  flown  payfoad  on  Shuttle 

sortie  missions.  It  has  such  high  scnsiliviiy  that  very  extensive  'n- 
frare^  observations  ("an  be  ^jccomplished  evcri  wjlhin  Ibe  r^laliVely 
briet,  /-day  profile  of  an  e^rly  Shuttle  flighty  rcfUght  on  thf  Shuttle 
m^kes  It  possible  to  fly  siAf f  with  continually  improve^!  focal^l^uc 
^     i  insirunwrntaiion  and  detectors  Eventually^  however,  ^ibTF  flights  Of 

^       l^^\,<'f  ^l^/r^ihoii  wilt  be  iieedi'd  to  re-ihi*  Ihe  ^utl  poientwl  of  Ihis 
rt'mirkable  f^ihty,  4nd  Ihe  stuity  of  such  flij;hts  re^omrr^nded 
Chvptt^^  7.  '^^ 
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Appendix  D 


lneprlnt«4  trt>a  Ajtrtanoffly  and  Ajtrophyalca  for  the  19flO'ii*  tfolmaa  It 
Htport  of  the  AJtiortony  SuzVcy  CDitmitU*  (Wastilik9t<>n«  D^C^J  Katloital 
Academy  Pr«8i]«  1962)  j  pp^  135-13$^) 


2  A  V<rv-Uin^' Bovine  iyW  Array  of  Foiiio  Tdficoyt^ 


The  Astronomy  Survey  Committer  Il^n>^1^1cn<t$  thi^  conslniction  ol 
a  groiind«ba$ed  V^ry-'Long^B^tiru^  {wt3)  Au»y  of  i^diQ  utksa>pe% 
deugntd  10  prodtic^f  images  wi*h  an  angtiki  resolution  of  03  miU 
luics«^d.  Because  ih^Array  utilizer  proven  technology^  thi^prof> 
(i<l  may  be  begun  immediately  jfleicompklion  of  final  management 
and  df!£ign  studii^ 

ExtiaorJin^inly  high  angtitai  i^^^oltition  is  ntnv  pos$ibk  at  ladio 
fw^qtitncie*  Preci$ton  atomic  docks,  more  sensuive  and  relukWe  re- 
ceivers, high*$pe«d  tape  iccordors,  sophishcated  imag««p^>cessing 
te<:hnique^  and  modem  antennas  now  make  it  fe;isib1e  to  btiild  a 
ndio  array  ivith  the  angular  resotuhon  of  a  lele5<ope  oovenng  an 
entire  continent.  Th]$  niay  be  done  by  syiKhronizityg  (he  operation 
of  ^buiit  t«n  widely  spaced  antenntis  of  approximately  25- m  diameter. 


This  VLB  Anay  will  produce  h^li-<]ualLty  ladio  inutges  capable  of 
lesolving  features  down  to  D  3  miltiircsc<«rK)  (the  size  of  a  djme  m 
N«w  Vorkasseen  from  Los  Angeles).  Thi$  is  a  humdred  times  better 
angubr  lesolution  than  that  of  any  othei  image^fotming  telescope  at 
any  wavelength  and  will  yield  detailed  new  radjo  images  of  j  vnde 
range  of  astionomtcal  ob)ect$  at  the  frontiers  of  modern  astrophysical 
researdi.  The$e  inclirde  quasar$  and  the  nuclei  of  galaxies^  features 
of  interstellar  mole<:u]ar  clouds,  the  center  of  our  Galaxy^  and  a 
variety  of  energetic  Galactic  objects  such  as  x^ray.  binary,  and  flare 
Stars.  The  high  angular  resolution  of  the  vi^  Array  wiJ!  permit  the 
direct  study  of  smalUscale  structure  surroundti^  the  central  regions 
of  quasars  and  Stars  xit  lh«  process  of  forni^rion^  Through  the  method 
of  statistical  parallaxes,  rt  will  furthermore  permil  direct  measure* 
ments  of  distances  to  many  objects  thtougfiour  our  Calaxy  and  even 
!o  some  m  nearby  ^h»es.  The  vLfi  Array  ^n  also  be  appW  to 
important  problems  in  Earth  science  (includfng  prectsipn  geodesy 
and  geophysics),  to  the  navigation  of  interp^netary  spacecraft,  «nd 
to  tests  of  the  Genera!  Theory  of  Relativity, 

Although  the  VLB  Array  is  a  oomple^^  and  sophisticated  instrument, 
Lt  will  niake  oseof  proven  concepts  and  instrumentation.  Constfuc- 
^0'l  fth)u!d  bvgin  'fn*niu:t:*^Ly  uponcoriipi^horiof  ntnltagem1^nraJl<t 
<l(r<igri  Studies  \<i\h  ihv  huilitiiig  the  anterinas  and  the  devt*lop 
ment  of  iht^  d.^ia  liducttui;  s>'^lem  and  oiher  inSttumf;niaiion.  Col> 
laboiation  with  groups  in  oihcr countries*  particularly  rn  Europe  artd 
North  America,  Would  iiv^provtf  the  p^rfornwnce  of  the  instrument 
by  mcjiV  "ji(,  iVt  ri'^olui  irti  eien  f;irJl*^T  (l\»Tf't*iL^rly  m  ncrth- 
siiiilh  »n  \~i^o<i)  itnd  l^^^  riiprov^ng  iKe  imai^e  quality  at  luiv  d^lt- 

IW  liMl"^ 
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Mr  WaUjukn.  Thaiijt  yQu  very  much.  I  think  yoa  have  exhaust- 
ed me,  and  we  ought  to  btop  at  this  point.  We  will  look  forward  to 
some  future  comments  and  thoughts  exchange  with  you.  We  ap- 
preciate the  til  le  you  have  given  to  the  committee.  Thank  you  very 
much, 

[Whereupon,  at  5:24  p.m.,  the  subcommittee  recessed,  to  recon- 
vene at  the  call  of  the  Chair.] 
[Material  bearing  on  the  subject  of  today's  hearing  follows:] 
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Dart  mouthy  Co  I  lege  HANovrw  si  w  iiAMp^inm  o37Si 

Ikf^ftmi'ttt  ttj  Earth  Sifvfti,i'i   FamiuU  Sitifh.t  <YfUcf   TEL  (^05>  646-2373 


March  2,  19$3 


Con  <7  res  smart  Doug  Wal^^ron^  Chairman 

StJbcormnitt^c  on  Sci^^ncoi  Rosoarch  and  Technolo^^y 

Committee  on  Science  and  Technology 

U-.S.  House  of  Representatives 

Washington J  D.C.  20515 

Dear  Doug^ 

You  asked  mo  about  the  xdeas  that  Jacques  Cousteau  presented 
to  the  Subcommittee  and  I  am  not  sure  that  I  gave  you  a  very 
good  answer.     I  said  tbat  ideas  like  his  are  bard  to  imolerrient, 
bot  I  dian^t  say  why. 

Bob  Reynolds*  Noye  Jolmson  and  I  were  involved  in  a  oroject  in 
the  western  United  States  that  attempted  to  do  in  a  microcosm 
what  Cotjsteau  was  talking  "about  in  a  macrocosm^    We  iWete  part 
of  a  multidisciplinary  team  that  studied  a  part  of  the  Colorado 
^River  system  and  the  effect  of  human  activity  on  this  system. 
At  thot  time  there        ^  ocogram  in  NSF  called  rann  {Research 
Applied  to  National  Needs)  and  the  Drogtara  was  formed  under  its 
umbrella.    1  think  that  the  program  was  ouite  successful;  the 
results  were  useful  and  the  oarticiT^artts  learned  a  great  deal/ 
not  only  aboot  the  system*  but  also  about  interactions  among 
the  disciplines  represented* 

I  helped  Orson  Anderson  get  this  program  started  and  served 
on  the  Steering  Committee  of  the  project.     I  think  the  project 
worked  because  tho  leadership  wiis  strong;  the  participants  were 
mostly  fairly  senior  and  confident  of  their  oositions  within 
tbexr  own  disciplines.    Junior  oeople  have  more  to  worry  about 
and.it  is  riskier^for  them  to  venture  out  of  the  main  lino  of 
tJieir  fields*    TJiere  was  a  focus  to  the  efforts  and  there  were 
many  latt,  night  sessions  iti  which  we  attempted  to  exolain  to 
those  outSj.de  our  disciplines  how  our  work  was  contributing  to 
the  principal  thrust* 

r  enclose  a  study  of  the  sociology  of  the  Project/  done  by 
Orson/  and  thus  not  totally  unbiased.    I  thinks  It  lays  out 
pretty  well  the  Problems  and  how  they  they  were  dealt  with, 
^hey  were  resolvable  en  this  scale;  they  are  formidable  on  the 
scale  of  vhich  Cousteau  sc^oke*  ' 

flegavds,  y 
Charlos  L*  Drake 

CLD/abc  Professor  of  Earth  Sciences 

cc;  Orson  Anderson 
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UKE  POWtU  RESEARCH  PROJECT 


Thfl  Li\t  t^tll  kcitMth  Procct  (for- 
BUlly  Known  ai  Collit4ritiv«  R^ta^ich 
Aiiciancnt  or  Hnn'i  ^^t^v^tici  i.n.  the  t^Xe 
Pow4ll  |t«9lon}  ii  *  conaertiuaor  4^njiv4.r' 
iitr  9rOiH  Cundvd       chc  Dlvtiion  of 
van^e^  tnvlrepncncal  RcicArch  and  Tet^hno^ 

ir  WXii  IRcscarch  Applied  bo  fjacKxn^l 
^cvd»)        tha  UAtlwial  Science  FuufidAC^Cn^ 


vlda  ran9«       0xp4itii«  lit  ciAcorttl  and  id- 
cial  icioncci  bo  b«ttr  on  th«  9an4rdl  Pf^b- 
lea  ei  the  errccta  «hd  raniricat^onf  or 
HAt&r  resource  nani^cMnc  in  the  Ltkt 
Pow«li  rc^lODi    Th«  region  curroncly  it 
«xp«rt«ncin^  convvr^ln^  d«nandi  ror  water 
And  cnu^y  rciourcs  dBvo^opmonc^  prtivrvj^- 
tion  of  ndtiohdliy  gniqu«  scenic  reaturefi 
ext*4nolon  or  rKrcition  ^acilicivi^  and 
econo«ic  ^rowch  and  ntcdcrni  ration  in  pre 
vlogily  Isolated  rural  Area*, 

^  . 

The  Project  ccwpcifev  intcrdiiciplin' 
«rr  itudict  centered  on  Ui«  folKwin? 
copies^    tl)  l«vel  And  discribuclon  of 
Incoac  and  vealth  ^«ncr«cod  by  rosouccef 
dq^«lopmentj  izi  institucl^nal  rrAjnevork 


for  cnviron^ntal  aaacsirienc  and  plannJin^f 
ii)  ^nitituclonal  declsion-micln^  mnA  r«' 
lourcc  aUocftlon^  U)  i^ilcfdoni  ror 
r«doral  Indian  pollctci  or  «cc«lerAt«d 
cf^on^fAic  dav«lDpiFent  or  the  HMvi^o  Indian 
jtoiervfcion,  IS)  irpacf  or  developfftnt  on 
dctK>9r4phic  «tru^(urei  l^i  coniuPtptiv«  va- 
tor        ia  tha  Ifper  <;oior4do  R^vvr  BASinf 
(7)  prediction  or  tvturo  fi^nifiCAnc 
change*  in  the  LaXe  Pove^l  ecofyatca^  (8) 
recr«Atlon4i  carryin;  c*pacicy  and  utill' 
racion       the  Oien  Canyon  National  Kfcrea-- 
clonal  ArvA,   i9i  inpact  of  energy  dtvnl" 
opfHnc  arotind  Lake  fowelli  and  il^i  ton- 
Bcqucncci  of  variability  in  thv  laXe  lev«l 
or  LAXc  p^jwell^ 

Ono  of  cha  fu^r  t;ilifions  of  MHtt  l^raj- 
c(;c3  if  to  Coflvaunicate  rcfe^rcti  roctilti 
direccly  *-o  ufer  ^  ro^pv  or  chc  ro^ion^  which 
include  ^overnrvnt  a^tncicfi  Uacivt  toeri- 
can  Trlbe3i  Ic^iilativc  bodiect  and  intor- 
c^ced  civic  9roTJt>*»    The  La^e  P'Owell  Ka-* 
icarch  Project  E^llecini  aro  intended  to 
iuXa  tiAQly  research  rcfult*  readily  accei- 
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Project  pttPbera  In  scnolarl^  journala^ 
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^  1981  NATIONAL  SCIENCE  FOUNDATION  - 
AUTHORIZATION 

TUKS,i>AY.  M  UCH  8,  mZ 

House  ok  Representatives, 
Committbe  On  Science  and  Technology, 
Subcommittee  on  Science^  Research  and  Technology, 

Washington,  RC 

The  subcomittee  met,  pursuant  to  recess,  at  2;25  p.m.,  in  room 
tMHy  Rayburn  House  Office  Building,  Hon.  Doug  Walgren  (chair- 
man of  the  subcommittee)  presiding.  ^ 

Present:  Representatives  Walgren,  Brown,  Valentine^  MacKay^ 
Gregg,  Skeen,  Bateman,  SenSenbrennen  and  Boehlert. 

Mr.  Walghen.  Let  me  call  the  meeting  to  orderi  and  apologize 
for  starting  a  little  late.  That  vote  came  at  the  wrong  time  for  us  to 
get  going  directly. 

This  is  the  third  day  of  authorisation  hearings  for  the  National 
Science  Foundation,  and  we  want  to  return  to  the  subject  of  instru- 
mentation at  the  Nation's  universities.  In  (he  past  NSF  authoriza- 
tion hearings,  ihis  subcommittee  has  .heani  of  a  growing  need  to 
replace  obsolescent  and  wornout  research  equipment  in  the  univer- 
sities and  colleges.  The  cost  of  such  an  upgrading  program  has 
been  estimated  lo  be  between  $2  an"^  $4  billion. 

These  figure&may  in  fact  be  too  low,  as  a  recent  study  of  the  Na- 
tional Society  of  Professional  Engineers  estimates  over  $1  billion 
will  be  required  to  restore  engineering  instructional  laboratories  to 
their  1971  status.  If  the  necessary  additions  to  accommodate  the 
growth  in  student  enrollment  in  engineering  are  included,  that  cost 
then  rises  substantially. 

In  his  testimony  before  the  full  Science  and  Technology  Commit- 
tee, Dr  Keyworth.  the  President's  science  adviser*  said  that  he  ex- 
pects that  nearly  $400  millioJi  of  the  1984  basic  research  budget 
will  go  to  purchase  and  replace  instrumentation.  NSF  will  be  sup- 
plying about  45  percent  of  these  funds  with  a  $180  million  initia- 
tive This  subcommittee  is  pleased  to  see  this  response  by  the  ad- 
ministration to  a  problem  that  the  Congress  has  had  a  growing  ap- 
preciation of.     .  *' 

Today  we  want  to  hear  not  only  how  NSF  plans  to  use  their  in- 
strumentation fun4.s,  but  we  also  will  be  interet^ted  to  hear  from 
distinguished  groups  of  university  and  industry  witnesses.  These 
gentlen^en  will  address  some  of  the  non-Federal  programs  under- 
way which  could  revitalize  university  research  facilities.  There  cer- 
tainly are  exciting  things  being  done  by  the  universities  alone  and 
through  university  and  industry  cooperative  programs,  and  we 
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want  to  know  more  ahout  them.  We  all  feel  that  this  problem  is 
probably  one  that  is  certainly  beyond  the  scope  of  Government -to 
solve^  and  therefore  we  have  to  encourage  to  the  greatest  degree 
possible  ihete  kinds  of  joint  efforts  by  universities  and  the  private 
sector. 

We  apjprecmte  your  coming.  Dr.,  Knapp,  it  is  good  to  See  you 
again.  We  feel  we  are  using  a  lot  of  your  time  these  days  but  it  is 
verjs^  helpful  to  the  committee  and  we  are  most  appreciative  of  the 
effort  you  have  given  to  presenting  youi  views  and  the  direction 
you  see  that  the  National  Science  ^Foundation  should  go,  particular- 
ly as^you  start  your  administration  there.  Therefore,  thank  you  for 
being  back.  We  look  forward  to  your  testimony.  ^ 

Dr.  Knapp.  Think  you,  Mr.  Chairman. 

Mr.  Waixjren.  Let  me  ask,  just  at  the  outset,  whether  anybody 
else  would  like  to  have  any  opening  statements  or  comments? 
(No  response.]  .      -  ^ 

Mr.  Watxjuen  [continuing].  Proceed,  Dr.  Knapp. 

STATKMfiNT  W       KDW^ RD  A.  KNAPP,  DIRKCTOU,  NATIONAL 
SCIENCK  FOUNDATION  ' 

Dr.  Knaj^p.  I  would  like  to  submit  my  testimony  for  the  record 
and  summarise. 

Mr.  Walgben.  That  would  be  most  appreciated: 

Dn  KNAPr.  Research  instrumcntation^whether  it  is  the  mass 
spectrometer  of  th&^^chemist,  the  electron  microscope  of  the  biolo- 
gist, or  the  radio  telescope  of  the  astronomer— provides  the  essen- 
tial means  through  which  the  scientist  asks  questions  and  obtains 
answers  from  pature.'  Instruments  are  the  eyes  through  which  a  re- 
searcher views  and  produces  information  or  data  about  the  world 
of  interest  to  him  and  his  colleagues.  Modern  computers,  in  turn, 
enable  the  scientist  to  handle  and  interpret  previously  unimagina- 
ble amounts  of  complex  data,  as  well  as  to  construct  and  manipu- 
late models  which  simulate  the  behavior  of  complex  systems. 

When  I  appeared  before  your  Committee  last  week,  I  had  an  op- 
portunity to  discuss  several  fields— astronomy »  oceanography,  and 
the  atmospneric  and  earth  sciences— which  are  characterized  by  a 
high  dependence  on  instrumentation  and  research  facilities.  It  is 
the  case,  however,  that  investigators  in  virtually  every  field  of  sci- 
ence and  engineering  are  increasingly  dependent  upon  research  In- 
strumentation and  computers  if  they  are  to  conduct  leading-edge 
research  in  their  disciplines.  Let  me  give  you  two  brief  examples  of 
what  improvements  in  instrumentation  can  mean  for  a  field  of  sci- 
ence. 

We  are  all  aware  of  how  solid*stat^  devices  have  revolutionized 
communications  and  computing  over  the  past  20  years,  A  much 
less  widely  known  product  of  solid-state  electronics  is  the  charge- 
coupled  detector  array.  These  arrays  of  photosensitive  diodes  allow 
astronomers  to  detect  and  map  light  sources  in  the  universe  hun- 
dreds of  times  fainter  than  those  previously  observable. 

In  addition  to  this  major  increase  in  sensitivity,  the  output  of  a 
detector  is  an  electrical  signal  that  is  easily  digitized  for  imaging 
and  further  computer  professing.  The  images  obtained  from  optical 
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telescopes  can  hi-  compt*rt^d  directl>  with  those  maps  obtained 
by  radiotelescopes. 

Once  the  concepts  underlying  thyse  detecton*  were  initially  out- 
lined and  understood,  much  of  their  oarl>  d(?velopment  and  tebting 
was  supported  by  the  National  Aeronautics  and  Space  Administra- 
tion as  a  part  of  its  development  of  the  space  telescope.  Today  vir- 
tually ever>  major  observatory  ha^  a  chaiije-coupled  detector  in  use 
or  being  tested.  " 

All  natural  phenomena  are  intrinsically  related.  The  results  of 
research  in  one  field— say,  physics— can  and  do  have  unexpected 
and  revolutionary  impacts  on  work  in  other  disciplines.  A  prime 
example  is  the  phenomenon  of  nuclear  magnetic  resonance  investi- 
gated by  the  physicists  Bloch  at  Stanford  and  Purcell  at  Harvard, 
Both  of  whom  received  the  Nobel  Prize  for  their  work. 

Bloch  and  Purcell  were  working  independently  on  an  esoteriq. 
problem— the  behirvior  of  substances  in  a  magnetic  field  when  they 
are  irradiated  by  radio  frequency  waves.  Tney  predicted  and  ob- 
served that  water  subjected  to  these  conditions  would  absorb 
energy,  and  that  the  absorption  of  energy  was  characteristic  of  the 
elements  making  up  the  molecule  and  its  local  environment. 

Soon  the  phenomenon  of  nuclear  magnetic  resonance,  originally 
studied  for  its  own  sake,  wa&  developed  into  a  nuclear  magnetic 
resonance  spectrometer,  a  tool  for  probing  the  nature  of  molecules 
themselves  The  application  of  such  spectroscopy  to  problems  in 
chemistry,  biochemistry,  and  molecular  biology  has  revolutionized 
these  fields.  ■  ^ 

Before  the  development  of  I^MR,  scientistb  used  X-ray  difTraction^ 
to  study  the  three-dimensional  structures  of  molecules.  X-ray  dif-* 
fraction  was,  however^(^mited  to  molecules  in  the  solid  state.  With 
NMR,  it  became  possible  for  the  first  time  to  study  the  spatial 
struc^ture  of  molecules  in  solution.  Reactions  could  be  monitored  in 
cell  or  tissue  under  nor^l,  abnormal,  or  diseased  conditions.  Pre- 
viously it  was  necessary  to  kill  or  destroy  the  tissue.  Biologists 
studied  reactions  in  the  intact  liver,  intact  heart  muscle,  and  in 
other  tissues  as  they  metabolized.  ^ 

Moreover,  it  is  now  actually  possible  to  map  the  interior  of  a 
tissue  or  organ  using  NMR  imaging  in  a  manner  that  is  analogous 
to  that  used  in  CATscanning.  Thus,  an  exotic  prediction  based  on 
a  complex  theoretical  model  far  removed  from  the  real  world  of  bi- 
ology and  medicine  developed,  through  the  efforts  of  many  physi- 
cists, chemists,  and  biologists,  into  an  important  tool  for  advancing 
the  understanding  of  life  processes. 

^  ^  As  these  two  examples  suggest^  ^n  investment  in  research  instru- 
mentation  itxcre^^ses  both  the  quality  of  the  science  that  can  be  pur- 
sued and  Jthe  productivity  and  efficiency  of  the  investigator.  In  ad- 
dition,  when  this  equipment  is  located  on  a  university  or  college 
campus  it  contributes  significantly  to  the  training  of  graduate  stu- 
dents who  will  bbcome  the  future  scientists  and  engineers  staffing 
the  industrial,  academic,  and  Government  institutions. 

In  the  past  few  years,  there  has  been  a  growing  realization  that 
the  United  States  is  underin vesting  in  state-of  the  art  instrumenta* 
tion  and  facilities  at  academic  institutions.  Although  the  exact 
magnitude  of  the  problem  cannot  be  determined  at  present,  numen 
ous  indicators  all  seem  to  point  in  the  same  direction.  The  problem 
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1^  lar^t'  and  jjivoKt'^  jiio^t^att-a^  uf  b^i(.'iic^'  and  c>ngiPoet'm^in  most 
of  the  niujor  rcwardi  tiiiivoi^witios. 

A  study  by  the  Ann^ricaii  As.sycialiun  UniversitiL^s  in  for 
e^amp]L^  examined  the  in^trunientatiun  and  facilities  needs  of  0 
disciplines  in  ir^  lt*adintf  universities.  These  universities  reported 
that  i\\i*y  A\\6i^  wuuld  have  tu  spend  alnjost  $iJ0O  million  over  3 
years  just  tu  uiuvidt*  modern  equipnienl  for  their  existing  faculty 
The  AAU  sludy  sug^'L-sted  thai  as  much  as  $1.1  bilMon  would  b<>  re- 
quired uver  a  W-  to  r>->ear  period  lo  full>  upgrade  instrumeiUation 
at  the  IQO  leading  eicademic  ri.'SGarch  institutions. 

More  iwLMilIy,  al  tK(»  urging  of  this  committee^  the  Foundation 
has  begun  tu  develop  statiiitically  reliable  indicators  of  trends  in 
the  eust,  conditiuni  and  use  of  research  instrumentation  in  the  uni- " 
versitieij  as  a  basis  for  projectj.ig  current  and  future  needs.  While 
the  results  fruin  the  first  pha^e  >f  this  slud>\wjll  npt  be  available 
until  later  this  year,  the  Foundation  hay  already  completed  a  pilot  * 
study  in  ;iS  institution^  in  -1  sublields— oi^anic  chemistry*  cell  biol- 
ogy, solid-state  physics,  and  electricar engineering. 

Tly^  pilut  i>tud>  found  about  one-fourth  of  the  research  equip- 
ment wa^  10  y<Mrs  old,  oiie-fourth  was  5  to  9  years  old;  and  one- 
hiilf  was  lesN  than  o  years  old-  Sixty  five  percent  of  the  total  equips 
ment  had  be^n  acquired  partly  or  entirely  with  Federal  funds. 

In  fiscal  year  IDS)?,  the  Department  of  Defense  announced  a  spe- 
cial '"S^U)  milliun  prugiam  aimed  at  upgrading  academic  research  in- 
strumentation, la  respunse  to  this  announcement,  the  Department 
receiyed  over  ?*'00  million  in  proposals^  another  indication  of  the 
potential  magnitude  and  importance  of  the  problem 

The  Foundatiun*s  programs  support  the  purchase  and  operation 
of  research  instrumentation  and  assol;iated  facilities  in  several 
modes.  The  hioi>t  general  and  common  way  is  to  provide  a  single 
iovestigator  with  the  instr^ument  required  in  connection  with  a 
peer-reviewed  research  project.  More  expensive  instruments  for 
multi-user,  multi-group  projects  ma>  be  retjuested  through  sijecial  ^ 
programs  such  as  the  astronomical,  biological/chemicah  and  mate- 
rials research  instrumentation  programs,  ^ 

Between  fiscal  vears  1978  and^lt>80,  NSF  established  14  regional 
mstrumentation  facilities  intended  to  make  costly  instrumentation 
accessible  to  a  large  number  of  qualified  users,  including  those  at 
smaller  institutions. 

Finally*  the  Foundation  supports  a  limited  number  of  large  scaje 
facilities,  sueh  as  Kitt  Peak  National  Olj^ervatory*  the  Academic 
Oceanographic  Fleet*  and  the  National  Cehter  for  Atmospheric  Re- 
search. My  remarks  before  your  committee  laSt  week  demonstrated 
the  significance  of  such  facilities  for  research  in  the  astronomical 
and  geophysical  sciences* 

The  fiscal  year  19S1  budget  i*equGst  places  £^  high  priority  on  the 
problem  of  increased  need  for  research  instrumentation  in  the 
Foundation's  programs.  It  is  estimated  that  support  of  research. in- 
strumentation for  NSF  as  a  whole  will  increase  about  fjl  percent 
bctw'^en  fiscal  years  1981^  and  1984. 

In  fiscal  year  lJ)^2i  the  Foundation  organized  the  Intei;agency 
WorHing  Group  on  University  Research  Instrumentation,  with  rep- 
resentatives from  the  Department  of  Defense,  the  Department  of 
Health  and  Human  Services*  the  Department  of  Energy*  the  De-  ' 


40^) 


partmoi\t  of  Agriculture,  and  the  Naliotial  Aeronautics  and  Space 
AdminlstrotioOsThosc  ngencies,  with  NSF,  provide  over  95  percent 
of  Federal  support  of  university  research.  They  are  acquiring  fur- 
ther" data  on  the  state  of  university  equipment,  taking  new  initia- 
i\ye^  wktfin  their  research,  budgets  to  place  gresrter  emphasis  on  in- 
strumentation, and  makin^r  Federal  laboratories  moie  accessible  to 
university  researchers. 

Many  universities  have  begun  to  accept  responsibility  for  im- 
proving their  management  of  instrumentation  and  are  about  to 
embark  0:1  a  major  education  effort  to  encourage  ne^y  financial  ar- 
rangements, equipment  sharing,  and  more  ros^ponsive  university 
regulations  and  policies  In  the  past,  interest  i\^s  not  an  allowable 
cost  to  oe  included  in  university  overflead.  Now,  interest  on  loans 
for  the  purchase  of  research  equipment  costing  $10,000  or  more  is 
allowable. 

The  I?conomiGi  Recovery  Tax  Act  of  Idbl  provided  incentives  for 
manufacturers  of  scientilic  instruments  to  contribute  research  ap- 
paratus to  institutions  of  higher  education.  The  impact  of  this  act 
on  the  behavior  of  equipment  manufacturers' is  still  unclear,  be- 
cause tho  ^ax  provjsions  are  complex  and  because  they  are  just  one 
sot  of  man/  factors  which  afTect  the  tax  position  of  firms  donating 
equipment  to  academic  institutions. 

The  Foundt^tion  has  experimented  with  encouraging  private  in- 
strument manufacturers  to  make  contributions  of  scientific  instru- 
mentation to'  univerbltVs,  One  effort  resulted  in  gifts  of  computers 
to  colleges  and  universities  to  facilitate  the  development  of  special 
courseware  in  precollege  and  undergraduate  education.  In  another, 
major  computer  manufacturers  gave  NSF  grantees  substantial  dis- 
counts on  computers  to  be  used  in  research  in  mathematics.^ 

Sensitive  to  possible  questions  concerning  the  Federal  role  in  ar- 
rargments  of  this  sort,  the  National  Science  Board  at  its  October 
X^^^Z  meetjng  established  a  policy  encouraging  such  arrangements 
and  directing  the  Foundation  to  '^avoid  actions  that  would  compro- 
mise the  integrity  of  the  NSF;  avoid  favoring  or  appearing  to  favor 
one  manufacturer  over  another;  and  avoid  inappropriate  exploita- 
tion of  NSFs  reputation.*' 

More  recently,  the  Board  also  dealt  with  the  question  of  possible 
commercial  use  of  NSF-supported  instrumentation  in  a  statement 
adopted  in  January  1983  the  statement  empt?asi2ed,  in  part,  that 
"*  *  *  it  is  contrary  to  NSF's  intent  for  grantees  to  use  NSF-sup- 
ported research  instrumentation  or  facilities  to  provide  service  tor 
a  fee  in  direct  competition  with  private  companies  that  provide 
equivalent  services.'  The  Foundation  is  currently  reviewing  a 
'notice  which  will  be  sent  to  universities  and  colleger  later  this 
year,  outlining  the  guidelines  for  the  use  and  operation  of  NSF- 
sponsored  research  instrumentation  and  facilities. 

Mr  Chairman,  I  know  you  and  the  other  members  of  this  com- 
mittee share  my  views  on  the  critical  importance  of  instrumenta- 
tion for  maintaining  the  quality  of  the  scientific  enterprise  and  for 
strengthening  the  training  of  future  scientists  and  engineers.  The 
Foundation's  program  for  fiscal  year  1984  will  take  an  important 
step  tovard  upgrading  the  present  quality  of  available  instrumen- 
tation n  the  colleges  and  universities.  Also,  the  leadership  role 
which  t>e  Foundation  has  played  with  other  Federal  agencies,  the 
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private  secton  and  univer^ties  themselves  is  one  of  great  impor- 
tance if  we  are  to  continue  This  advance* 
Thank  you, 

[The  prepared  statement  of  Dr,  Knapp  follows:] 
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STATEHEHT  OF 


DR«  EDWARD  A.  KKAPP 
DIAECTUA.  NATIONAL  SC1EME  FOUHDATIOu 


BEFORE  THE 


SUBCOMMITTEE  OK  SCIEHCE,  fiEsEARCH  AMD  TECWJ0L06Y 
COHHITTEE  OH  SCIEHCE  aKD  TECHNOLOGY 
U^S.  HOUSE  OF  ftEPftESENTATIvES 
HAflCM  8,  19S5 

Hr.  Cmairhah^ahd  Hembers  of  tme  ComhittEE: 

RE£EAftCH  iHSTftUHEHTATlOH  "~  WHETHER   IT  l£  THE  MASS  S?GCTnOHETER  0^ 
THE  CHCHISTj  the  EieCTftOH  KtCROSCOPE  Of  THE  BtOLOGlST  OR  THE  RADIO 
TCLESCOPE  OP  THE  ASTRONOHER         PROVIDES  THE  ESSEHTtAl  KEAH£  THROUGH 
WHICH  THE  SCIENTIST  ASKS  QUESTIONS  Of  AHE)  OBTAINS  ANSWERS  FROK  NATURE^ 
tNSTRUMENTS  ARE  THE  "E^ES"  TNROUGN  t^HtCN  A  RESEARCHER  VIEWS  AND 
PRODUCES  INFORNATION^  OR  DATAj  ABOUT  THE  WORLD  OF  INTEREST  TO>>ltH  AND 
HIS  COLLEAGUES*     (lODERN  COMPUTERS^   I«  TURNj  ENABLE  TN£  SCIENTIST  TO 
HANDLE  AND   INTERPRET  PREVIOUSLY  UNlKAGlNABLE  A^lOUNTS  OF  CONPLEX  DATA 
AS  w£LL  AS  TO  CONSTPUCT  Ai^D  NANlPULATE  MOOCLS  WHICH  StHULATE  THE 
BEHAVIOR  OF  VERY  COrtPLXS  SYSTENS.     ConPUTER  SINULATIOJJ  NODELS  ARC 

Increasingly  significant  research  tools  ih  scientific  fields  as 
diverse  as  ecohohks  amd  at^iospheric  sciemcc. 
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ffVlEfl^i:  APPEARED  RtFOftE  VOMft  COHHITTEE  LAST  WEEKj   I  HAD 
OPPORTUNtTY  TO  QISCUSS  SEVERAL  FIELDS  "  ASTPONOMYj  OCEANOGRAPHY^  AKD 
THE  ATwasPHEftiC  AND  EAflTM  SCIENCES        WHKH  ARE  CHARACTERIZED  &V  A 
H  IQH -DEPENDENCE  OK   iNSTRUM^NTATtON  AND  :^ESEAftCH  FACILITIES.     U   IS  THE 
CA$Ej   however^   that   ENVESTIGATOAS   IK  VIRTUALLY  EVERY  FIELD  OF  SCIENCE 
AND  EKGThEERING  WKICH  THE  FOUKDATION   SUPPORTS  ARE  tNCREASlKGLY 
pEPEKDlcrrT  1>P0K  RE£EAf^CH   INSTRUMES  fAT  I  ON  AhD  COHPUTEftS        THEV  ARE  TO 
COKDUCT  LEADIhG'EDGE  RE'sEARCH  EN  THEIR  DISIPLIMES.     ThE  QUALITY  AND 
AVAILABILITY  OF  I N STJ^('k£NTAT ION  AKD  COMPUTERS  TO  RESEAHCHEftS  CAN  ALSO 
HAVE  A  MAJOR  't^PACT  OH  THEIR  PRODUCTIVITY  AND  ON-THE  EFFICIEhCV  WITH 
WHICH  T»EY  CAU  CApftV  OUT  THElft  WORK.     Le T  HE  GIVE  YOD  T^O  BRl£F 
EXAMPLES  OF  WHAT  MPf^OVGHG^TS  IK   [NSTAUkGKTAT tOK  CAN  JiEAK  FOR  A  FIELD 
OF  CCIEKCE* 

iN^TRllMFNTATlflH  AND  RpSt-^RrHf     rtfl^fl   AHTl   HWR  ^  <i 

We  ape  all  aware  of  how  solid  state  devices  HAVE  REVOHfTlOHlIED  , 
COMHUHICATIOKS  ArtD  COMPUTING  OVER  THE  uAST  20  YEARS.     A  MUCH  LESS 
WIDELY  KMOWN  PRODUCT  OF  SOLID  STATE  ELECTRONICS   IS  THE  CHAAGE  COUPLED 
DETECTOR  AR^AY.     ThESE  ARRAYS  Of^  PHOTOSENS t Tl VE  DIODES  ALLOV/ 
ASTRONOMERS  TO  DETECT^   £fECT«ALLY  SCAH  AND  HAP  LIGHT  SOURCES  |M  THE 
O^tVSRSE  HUNDREDS  OF  TlHEfL  FAtNTER  THAN  THOSE  PREVIOUSLY  OBSERVABLE. 

.  PftIO!*  TO  THE  U5E  OF  THESE  DEtECTORSj  ASTRONOMERS  RELIED  UPON 

(thotoorapriec  exposures  i^or  making  atld  recording  their  observations* 
Of  every  1,000  photons  that  fall  on  a  photographic  plate^  "p  to  50  hay 
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BE  RECOADED  In  THE   iHA^f -     ^  tHAAGE  COUPLED  DETECTOR'   IN  CONTRAST/ 
MAY  RECORD  AS  f^ANY  AS  ^flO.      {n  ADDITION  TO  THIS  KAJOR  (NCREASE  IK 
SENSITI^[TY/  THE  OUTPUT  OF  A  DETECTOR   IS  AN  ELECTRICAL  SIGNAL  THAT  IS 
EASILY  DI4ITI:ED  FOll  IrtAClNfl  AND  FURTHER  COrtPWTEft  PROCESSIMG*  THUS 
TKE  TIHE'COhSUMINO  CONVERSION  OF  PHOTOGRAPHIC    IMAGES  TO  DIGITAL  POR«* 
USfUG  AUALOG  TO  DIGITAL  SCANH£ftS/   IS  HO  LONGER  KECESSAAY^  lu 
AODlTlON/   I)4AGES  OBTAINED  FROM  OPTICAL  TELESCOPES  CAH  NOW  BE  COMPARED 
DIRECTLY  hflTH  THOSE  tiAPS  OBTAIHED  SY  RADIO  TELESCOPES* 

OUCE  THE  CONCEPTS  UHOEftLYtHG  THESE  DETECTORS  WERE  IHITIALLY 
OUTLINED  AhD  UhDERSTOOO.  .lUCH  OP  THEIR  EARLY  DEVELOPMENT  AWD  TESTING 
irAS  SUPPORTED  BV  THE  ^ATlOHAL  AERONAUTICS  AND  SPACE  ADMI HISTRATION  AS 
A  PART  OF   ITS  DEVELOPMENT  OF  THE  SPACE  TELESCOPE.     ToDAV*  VIRTUALLY 
EvERV  MAJOR  OBSERVATORY  HAS  A  CHARGE  COUPLED  DETECTOR  IM  USE  OR  BEING 
TESTED  AND  MAJOR  I)4PR0vEMEHTS  ARE  COMTINUAlCV  BEING  MADE  BOTH  IH  THE 
DEVICES  AMD   IH  THEIR  APPLICATION   IN  HEW  iMSTRuHENTS^    KoT  OMLY  MAvE 
THESE  DEVICES  MADE  t^^^  OBSERVATIONS  POSSIBLE/  BUT  THEY  HAVE  INCREASED 
THE  EFFiClEHCY  OP  RESEARCHERS  AHD  HAVE  BROUGHT  PaDIO  AND  OPTICAL 

astrOmomy  closer  together.    Since  hany  iudivtdual  astronomers  hov^ 

EMPLOY  BOTH  observational  TECHNlOUES  AS  A  NOR^tAL  PART  OP  THFIR  WRKt 
W£  CAH  EXPECT  NEW  UhDERSTAMDI  NGS  OF  THE  BASIC  MATURE  OP  OUR  I^NlvERSE 
TO  EMERGE - 

$IhCE  all  natural  PHEONOMEMA  are   iNTFtlNSICALLY  RELATED/  THE 
RESULTS  OP  RESEARCH  IN  OHE  PItLD  "  SAY  PHYSICS  "  CAN  AHD  DO  HAVE 
UNEXPECTED  AhD  REVOLUT  lONAf^V  IHPACIS  ON  ifORK   IN  OTHER  DTSClPLlHES^ 
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These  interactions  can  he  especially  ORAhAifc  wHEn  they  involve  the 

DEVELOPHEWT  OF  Afl  iHSTRUttENT, 

A  pjtii^E  Example  of  this  is  the  phehohenon  of  kuclear  haghetic 
.iUaSlML^.iJlSBiJil^yj.'^JiJL?^^  Bloch  at  Stanford  ahd 

PURCELL  AT  HARVARD/   BOTH  OF  kHOH  RECEEVEO.THE  KoBEL  PRlZE  FOR  THIER 
VfORK^     BLOCH  AKD  PllRCELL  ^ERE  WORKING,   INDEPENDENTLY/  OH  AN  ESOTERIC 
PROBLEH        THE  BEHAVIOR  OF  SUBSTANCES   IN  *  HAGHETIC  FIELD  KHEN  TMfY 
ARE  IRRADIATED  BY  RADIO  FREQUENCY  KAvES.     UslNG  CLASSICAL  AND  OUAKTUM 
H^CHAHICS*  TKEV  PREDICTED  AND  O&SERvED  THAT  WATER  SUBJECTED  TO  THESE 
CONDITIONS  V«01ILD  aBSORB  EN.RGY^     BulLDlNG  ON  T^IS  BASIC  INSIGNT/ 
SCJENTISTS  REALIZED  THAT  THE  ABSORPTION  OF  EflERGY  MAS  CHARACTEfll ST  I C 
Of  Tli£  ELEMENTS  HAKING  UP  THE  HOLECULE  AKD   ITS  LOCAL  ENVlRONHENT*  1n 
TNE  CASE  OF  THE  ORlGlJfAL  EXPERlHEHT^  TNE  ABSORBING  ELEMENT  Itt  THE 
WATER  MOLECULE  MAS  HYDROGEN  "  AN  ELEHEHT  MiDELY  FOUND  IN  NATURAL 
SYSTErtS* 

SOON^  THE  PHENOHENON  OF  NUCLEAR  MAGNETIC  RESONANCE/  ORIGINALLY 
STUDIED  FOR  ITS  0\tU  SAKE/  MAS  DEVELOPED  INTO  A  NUCLEAR  HAGITETiC 
RESONANCE  SP£CTROftETER  ^'  A  TOOL  FOR  PROBING  THE  NATURE  Of  THE 
MOLECULES  THEMSELVES*     WITHOUT  EXAGGERATION/  THE  APPLICATION  Of  NftR 
SPECTROSCOPY  TO  PROBLEMS   IH  CHEMISTRY,  BtOCKEMlSTRV  AND  MOLECULAR 
BIOLOGY  HAS  kaD  REvOLUT I OKAPy   IMPACT  IK  THESE  FIELDS- 

Before  the  development  of  uKR  scientists  us^d  X^rat  diffraction  tq 

SruDV  THE  THREE  DIMENSIONAL  STRUCTURE  OP  MOLECULES.  X'RAY  DIFFRACTION 
MAS/  HOWEVER/  LtHlTED  TO  MOLECULES  IN  THE  SOLID  STATE*     KITH  Nf^R  IT 
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BECaHC  possible  FOfi  JJ^E  fIflST  llhE  TO  STWDY  THE  SPATIAL  STRUCTURE  OF 
MOLECULES   IK  'solution*     PHYSIOLOGISTS/  FOR  EXAMPLE,  COULD  INVESTIGATE 
THE  RELATIONSHIP  OF  THE  STRUCTURE  OF  A  MOLECULE   l»  SOLUTION  " 
BIOLOGICALLY   IMPORTANT  SITUATION,     REACTIONS  COULD  BE  HOHlTOpED  IN  A 
CELL  OR^TlSSUE  UNDER  NORMAL,  ABNORMAL^  OR  DISEASED  CONDITIONS,  FOR 
EXAMPLE,  THE  SYNTHESIS  OA  DEGRADATION  OF  ADENOSINE  TRIPHOSPHATE,  THE 
SOURCE        ENERGY   IH  MUSCLE  ACTIOH^  COULD  BE  FOLLOWED  AHD  FOLLOWED 

HOH-nFsTRnrTivtt*  Y  AND  H0M-IHVAS1VFI       Previously,  it  was  necessary  to 

DESTROY  OR  KILL  THE  TISSUE,     BIOLOGISTS  STUDIED  fieACTlOttS  I>*  THE 
IHTACT  LIvER,   intact  HEART  MUSCLE,  AND  IN  OTHER  tUsUES  AS  TH&Y 
METABOLIZED, 

WOREOvER^  IT  IS  NOW  ACTUALLY  POSSIBLE  TO  MAP  THE  iNTEfllOft  OF  A 
TISSUE  Oft  ORGAN  USING  KKR  IHAGING  IN  A  HANN&R  THAT  IS  AHaLAGOUS  TO 
THAT  USED  IM  CAT^SCANNING,     LlvlNG  SYSTEMS  CAN  BE  STUDIED  DIRECTLY  AND 

potentially  hahhlessly  both  for  scientific  and  medical  purposes, 
Thus,  an  exotic  prediction  basel  on  a  cohplex  theoretical  hddel  far 
removed  from  the  real  world  of  biology  and  medicine  developed,  through 
the  efforts  of  many  physicists,  chemists,  and  biologists^  into  an 
important  tool  for  advancing  the  understanding  of  life  processes- 

HairniiAi   Invf^thfht  \u  RF^FAnrw  Tw^jTRirMFHTATlDN 

As  these  two  examples  drakatically  suggest,  an  investment  IH 

RESEARCH  INSTRUMENTATION  IS  AN  UvESTHENT  THAT  INCREASES  BOTH  THE 
QUALITY  OF  THC  SCIENCE  THAT  CAN  BE  PURSUED  AND  THE  PPCDUCTlvlTY  ANO 


417 


416 


EFFICIENCY  Of  THE    INVESTIGATOR.      Ik   ADDITION.   WHEN  THES   EOUlPHEKT  IS 

r 

LOCATED  ON  A  UNIVERSITY  OR  COLLEGE  CAMPUS   IT  CONTRIBUTES  SlGNtftCANTLY 
TO  THE  TRAINING  0^  THE  OftApUATE  STUDENTS   WHO  WiLL  BECQNE  TH€  FUTURE 
SCIENTISTS  AND  ENGINEERS  STAFFING  OUH  tNDUSTRlAL/  ACAOEHlC'  AND 
GOVERNMENTAL  INSTITUTIONS.     ThUS/  IF  WE  APE  TO  REALIZE  THE  FULL 

POTEKTtAU  OF  ouft^TlATlOH'^  TUVrFTHENT  IH  PEStAl^CH  AND  IffSftADUATE  

EDUCATION/   IT  tS   VITAL  THAT  WE  HAINTAIN  AWD  CONTINUALLY  IMPROVE  THE 
QUALITY  AND  AVAILABILITY  OF  ITS   iNS TRUHENTAT I ON'&ASE. 

En  the  past  few  YEARS^   there  has  seen  a  GPOWINO  realization  THAT 

WE.  A»  A  Nation  are  uwDfiRiNVEsTiNG  in  state-of-the-art  instrumentation 

AND  FACILITIES   |N  ACApEMlC   i«ST ITUT I ONS*     THOUGH  THE  EXACT  MAGNITUDE 
Of  THE  PROBLEM  CANNOT  fiE  DETERMINED  AT  PRESENT/  NUMEROUS  INDICATORS 
ALL  »EEM  TO  POINT  |N  THE  SAME  DIRECTION:     THE   PROBLEM  IS  LApGE  AHP 
INVOLVES  HOST  AREAS  OF  SCIENCE  AND  ENGINEERING  AND  MOST  OF  OUR  MAJOR 
RESEARCH  UNIVERSITIES* 

A  'study  by  the  American  Association  of  Universities  in  Mi,  for 
examplt,  examined  the  instrumentation  and  facilities  needs  of  six 
disciplines  in  is  leading  universities.    officials  in  these 
Institutions  reported  that  they  mere  were  frequently  unable  to  provide 
researchers  and  students  with  access  to  mooern  equipment  in  one  or 

MORE  OF  THESE  FIELDS'     In  GENERAL/  THERE   HAS  A  PATTERN  OF  PIECEMEAL 
AND  UNECONOMICAL  EFFORTS  A'  RENOVATION  AND  REPAtil  OF  EXISTING 
EQUIPMENT  THAT  RESULTED  FROM  IHSUFFKIENT  FUNDS*     ThESE  UNEvERSlTlES 
REPORTED  THAT  THEY  WOULD  HAVE  TO  SPEND  ALMOST  1800  MILLION  OVER  THREE 
YEARS  JUST  TO  PROVIDE  MODERN  EQUIPMENT  FOR  THEIR  E^'ESTlNG  FACULTY* 
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£xrnAPot.ATi»<>  faOh  these  numbers/  jhe  aAU  study  suggested  '^^^'^  "uch 


AS  BILLION  WOULD  BE  REQUIRED  OvEft  A  vEAft  PERIOD  TO  FULLY 


IKSTETDTIONS* 

jlOftE  RECENTLY/  AT  THE  DftGl»C  OF  THIS  COHHITTEE/  THE  FOUNDATtDN  HAS 
-8efiUtLJtfiJ)£VE^I^P^STAMSTlCALLY  RELIABLE  IHDICATOftS  OF  TftENDS   IN  THE 
COST*  COWDITIO«>  AND  UTILIZATION  OF  RESEARCH  INSTftUttEWTAT  I  ON   I  n"^ 
UNJVEftSlTJHS  AS  A  BASIS  FOR  PROJHCTJNG  CUflREWT  AHD  FUTURE  HEHDS * 
ODESTtONNAIftES  HAVE  SE£N  SENT  OUT  TO  A  STRATIFIED  SAMPLE  OF  ^0 
iHSTlJUnONS  FROH  AHONG  THE  160  LARGEST  PERFOftHERS  OF  ACADEHiC  R*D* 
Im  phase  0KE>   information  tfILL  BE  GATHERED  ON  ENGtNEEAlNG*  COHPUTER 
SCIENCE/  AND  The  physical  sciences.     In  the  SECOKA  PHASE/  .ADDITIONAL 
INFORMATION  tflLL  BE  COLLECTED  ON  THE  B10L0€ICAL>  AGRtCOLTORAL/  AND 

enviromhehtal  sciehces^ 

While  the  results  from  the  first  phase  will  hot  be  available  until 

LATER  this  YEAR/  THH  FOUNDATION  HAS  ALREADY  COHPLETED  A  PILOT  STUDY  IN 

38  Institution^  in  four  subfields      organic  cnehistry/  cell  siolpgy/ 

SOLID  STATE  PHVSICS>  AND  ELECTRICAL  ENG iNEERlNOn*     THIS  PILOT  STUDY 
FOUND  THAT  ABOUT  ONE'FOURTH  OF  THe  RESEARCH  EOUIFMENT  IN  THE  FOUA 
FIELDS  COMBINED  WAS  TEN  YEARS  OLD;  ONE'FOURTH  MAS  FIvE  TO  NINE  YEARS 
OLDJ  AMD  OfJE^HALF  WAS  l£SS  THAN  FIvE  V£ARS  OLD.     In  THE  H£XT  FivE 
YEAAS/  RESEARCHERS  PLAH  TO  REPLACE  OH£-FIPTH  OP  £LL  THE  SOUlt'HEHT  AND 
36  PERCEHT  OF  THAT  COSTING  tSO/000  OR  LESS'     SiXTY'PtVE  P£RC£NT  OF  THE 
TOTAL  EOUIPHENT  HAO  fl^EN  ACQUIRED  PARTLY  OR  EHTiRELY  tflTH  FEDERAL 
FUNDS. 


UPGRADE  iNSTRUnEHTATlON  AT  THE  100  LEADIKG  ACADEMIC  RESEARCH 
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Ik  FY  1^85/  thC  E)EPAfTTK£HT  OF  Defense  ahhOumced  a  special  t50 

KULIOH  PfTOCRA>t  AIHED  AT  uPCRADtHC  ACADEMIC  RESEARCH  iHSTfiUHEHTAT  ION . 

In  response  to  this  anhOuhceheht/  thev  received  Over  tSOO  KiLLtOH  in 
PROPOSALS.    This  is  still  ahothCa  Ihimcatioh  of  the  potential 

HACHITUDE  AMD  IMPORTANCE  QF  THE  PftOBL^H . 

H,SF..,StfPJJ>.RI,,,Qf,-l,tl5JRVHEmLtJJl  * 


The  Foumdatiom's  pftosRAns  support  the  purchase  and  operation  of 

RESEARCH   iNSTRUKENTATl ON  AND  ASSOCIATED  FAClLlJtES  IN  ONE  QF  SEVERAL 
HODES.     THE  ^lOST  Ct  tERAi.  AND  COM(iON  WAY  IS  TQ  PROVIDE  A  SINCLE 
INVESTICATQR  WlTH  THE  IMSTRUHENT  HE  REQUIRES    IN  CONNECTION  wtTN  NtS 
PEER'REVIEWED  PROJECT*'  ThE  EQUIPMENT   IS  hOST  FREQUENTLY  OFF'TNE'SHELF 
AND  AVERAGES  ABOUT  ttSiOOO  TO  tlSiOOO  PER  PIECE*     KORE  CXPCNSWEi 
SlNCLE  iNStRU^fENTS  FOR  ^^ULTl'USER/  hULTI'GROltP  PROJECTS  HAY  B£ 
REQUESTED  THROUCN  SPECIAL  PROGRAHS'  SUCH  AS  THE  ASTRONONlCALi 
BIOLOGICAL/  CnEMICAL/  /"S  flATERMLS  RESEARCH  InSTRUHEHTATIOH  PRO0RA>tS . 
SOHE  OF  THtS  CQUtPKEHT/   SUCH  AS  thC  HILLIHCTER  WAVE  RECEIVERS  l^H 
ASTROHOHY/   IS  DEVELOPED  AND  SO^lE   IS  0<?F 'THE' SHELF  *     ThE  COST  PrqBaBLY 
AVCRACCS  AROt'HO  t90i000  PER  PlCCC 

Betweeh  FY  1976  and  FY  1980/  NSF  established  fourteCh  ReciOhal 
InstruhehtatIon  Facilities  ihtehDed  to  hake  costly  InstruhehtatIoh 

ACCESSIBLE  TO  A  LARCE  HUMBER  OF  QUALIFIED  USERS/   IHCLDDING  THOSE  AT 
SHALLER   iHSTlTUTtOHS.     ThE  SPECIALTIES  QF  THESZ  FACILITIES  RANCED  FAOH 
VlASt   SPECTROSCOPY  AT  TNE  UntVERStTY  OF  NEBRASKA  AMD  AT  JoHHS  HoPKlHS 
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tfH[VEftS[Tv^  TO  HKR  AT  ITaLE  AND  THE  UNIvERSITV  OF  SOUTH  CaROLENA  AND 
THE  tlHlvERStTV  OF  ILLEHOES. 

Finally^  the  Fouhdateok  supports  a  ltm[teq  number  of  L/^rge  scale 

FACtLlTtES  SUCH  AS  KETT  PEAX  UATtOftAl  OBSERVATORV^  THE  ACADEMIC 

ocEahoopaphic  fleets  and  the  HatiomaL  CEiiTEr  for  Atkospneric  Research- 

rtV  REMARKS  BEFORE  VOUft  CommITTEE  LAST  WEEX  OEMOMSTftATEO 

SIGMIFECAHCE  OF  SUCH  FACtLlTtES  FOR  AESEARCtt  |H  THE  ASTftONOMtCAL  AND 

OEOPHVSECAL  SCIENCES' 

The  n  19S4  Budget  Request  aDPrEssEs  the  ppoble^i  of  ehcrEased  need 

FOR  research  TMSTRUMEHTATIOH  BV  PLACIHO  a  HEGH  PRiOfilTV  OH  ET   |H  MOST 
OF  tmE  FoUHOATEOh's  programs,     It  ES  estimated  THAT  SUPPORT  OF 
RESEARCH   IKSTRUKEHTATIOK  FOR  ||$F  AS  A  WHOLE  WILL  IHCREASE  BV  ABOUT  €1 
PERCENT  BETWEEN  FV  1^85  AND 

Each  program  addresses  research  ekstrumEhtateon  in  a  makhEr  that 

ES  COHSl  STENT  wiTH   ITS  PARTICULAR  REOUI  REM*.HTS  AHD  KEEDS-     Th  I  S 
permits  maximum  flexibility  1H  attending  TOr'TNE  EotJiPMEHT  NEEDS  IN 
Each  discipline  as  TO  SlZE^  COST^  AND  MODE  OF  SUPPORT,     TkE  HUhLIGHTS 
OF  THEIR  ACTEVITTES  iHCLUDEi 

0    A  HEw  EOUIPMEKT  PROGRAM  IH  EHGIKEErIHG  WHICH  WILL  REOUTRE 
MATCHlHG  FUNDS  FROM  ENDUSTRV  AHD  THE  GRAHTEE  UH|VERS|TV; 
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0    A«   INSTRUMEKTATIOW  PftOGftAM   IN  COHPUTGR  RESEARCH  TO  PROVIDE 
SUPPORT  FOR  THE  PURCHASE  OF       HlCOMPUTERS  BY  lHE>tVir>UAL 

i/hvestigatorsj  *  '  * 

0   Partial  support  for  the  acouisetion  of  a  new  sub-millTmeter  anO 

AH  OPTICAL  TElESCJOPE  COSTING        THE  Si  -  S2  MILLTOH  RANGE/  AS 
WELL  AS  SUPPORT  ^OR  iHPflOVED  RECEIVERS  AHf)  PROCESSING 

EOUKjHEHTj  '  ^ 

( 

0  Expansion  of  support  of  research  and  equepheht  at  the  Corhsll 
Electron  Storage tfitHG^  the  Illenoes  electron  \cceleratoR/  anh 
T«E  Indiana  UmiveVsItv  Cyclotrohj  and  ^ 

0     IrfVESTHENT   It*  GEOCHEHICAL   INSTRUMENTATION^  SUCH  AS  t4AS6 
SPECTROMETERS/  ELECTRON  BEAM  INSTRUMENTS/  AND  GEOPHYSICAL 
DETECTORS  TO  UPGRADE  AND  REPLACE  RESEARCH  EQUIPMENT  IN  THE 
EARTH  SCIENCES  SUPPORTED  ORIGINALLY  BY  UASA  AND  THE  DOD  OVER  A 
DECADE  AGO' 

I«  1982/  TNE  Foundation  QftGANi:ED  the  Interagency  Working  Group 
ON  University  fiEsEAftCH  Instromentation  with  representatives  from  the 

DEPARfMENf  OF  DEFENSE/  TKE  DEPARTMENT  OF  HEALTH  AND  HuMAN  SERVICES/ 

THE  Department  of  EnergY/  the  Department  of  AgrIc^.^turE/  and  the 
National  Aeronautics  and  Space  Administration*    These  agencies/  wnIcn' 
wETH  HSF  PROVIDE  Over      percent  of  Federal  support  of  university 

RESEARCH/  AjiE  ACOUIREHG  FURTHER  DATA  QH  THE  STATE  OF  UNlVERSETY 
EQUIPMENT/  ARE  TAKING  NEt'  tNlTlATLvES  WITKIN  THEER  REsEAftCH  BUDGETS  TO 


1-^  ^ 


"OPY 


422 


ERIC 


421 


PLACE  GREATER  EMPHASIS  ON  INSTRUMENTATION j  AND  ARE  MAKING  FEDERAL  LABS 
HOPE  ACCESSIBLTTO  WNlVEftSIT^  RESEARCHERS- 

BF^tPOHSFft'ftY  llHTVFff^lTlcc  ftHT)  THE  Pftl\fa^TF  ^^ecXfip 

It  E£  also  clear  to  ys  AT  thE  Foundation  that  han^  i^niversitie^ 

HA\^E  BEGUN  TO  ACCEPT  RESPONSIBILITY  FOR   mpftOVlNG  THEtR  HA^lAGEWENT  OF 
ENSTRUHENTATION  AND  ARE  ABOUT  TO  EHBARK  ON  A  HAJOR  EDUCATION  EFFORT  TO 
EffCOUAAGE  NEV  FINANCING  ARp^GEMENTS^  EOUiPKENT  SHARJNG^  AND  MORE 
RESPONSIVE  ONlVERSITr  ftEGULATIONS  AND  POLICieS-     A  REVISION  OF  OHB 

Circular  A^21  has  helped-    In  the  past^  interest  was  not  an  allov^able 

COST  TO  Be  IHCLWDED  IN  UNlVEllSITY  OVEftHEAD-     WiTH  THIS  REVISION^ 
INTEREST  ON  LOANS  PURCHASE  OF  PIECES  OF  RESEARCH  EQUIP«4ENT  COSTING 

SIO.OOO  OR  MORE  IS  ALLOWABLE.  ' 

Th€  Economic  Recovery  Tax  Act  of  19S1  provided  incentives  for 

>tANUFACTUREftS  Of  SCIENTIFIC  INSTAUHENTS  TO  CONTRIBUTE  RESEARCH 
APPARATUS  Tb  INSTITUTIONS  Of  HIGHER  EDUCATION-     THE  LAW  PERHITS  A 
CORPORATION  MAKING  A  QUALIFIED  EOUIPHENT  DONATION  TO  TAKE  UP  TO  TwICE 
^THE  COST  Cff  MANUFACTURING  AS  A  TAX  DEDUCTION-     ThE  EFFECTIVE   IMPACT  OF 
THIS  PROv/siON  ON  THE  BEHA^^IOR  OF  EQUIPHENT  MANUFACTURERS  IS  STILL 

UNCLEAR  Because  the  tax  provisions  are  complex  ^^nd  because  they  are 

JUST  one/set  of  many  factors  which  affect  the  tax  position  Of  FIRMS 

donating/equipment  to  academic  institutions. 

I  ^ 

TheIfouhdation  has  experIhehteo  mith  encouraging  private 
[nstrumEht  manufacturers  to  make  contributions  of  scientific 
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iNSTHUHeNTATlOM  TO  UiN  [  vEflS  I  tt  E£ .     OnE  EFFORT  RESULTED  IM  GIFTS  OF 
COHPUTeHS  TO  COLLEGES  AMD  UMtvERSJIlES  TO  FACILJTATE  THE  DEVELOPMENT 
OF  SPECIAL  COURSEWARE   IM  PRECOLLSGfi  AHD  UKOERGRADUATE  EDUCATIOHp  [H 

AHOTMEftj  MAJOR  COMPUTER  l^ANUFACTURERS  OA;E  NSF  ORaNtEES  SUBSTANTIAL 

i 

DISCOUNTS  OH  COMPUTERS  TO  BE  USED  \U  ftESEAftCW   \U  MATHEMATICS^ 

Sensitive  to  possirle  (Questions  concerning  the  FEPEaAt  pole  in 

ARRANGEMEHTS  OF  ThIS  SORTj   THE  RATIONAL  SCIEHCfi  BOAR&  AT  ITS  OCTOBER^ 
19£2>  MEETIHG  ESTABLISHED  A  POLICY  EHCOURAGINQ  SUCH  ARRANGEMENTS  AHD 
DIRECTIHG  THE  TOUNOATION  TO  'avOID  ACTJOHS  THAT  WOULD  COl^PftOMLSE  THE 
IMTEGRtTr  OF  THE  HSF;  AVOI&  FAVORING  OR  APPEARING  TO  FAVOR  ONE 
MAHUFACTURER  OVER  ANOTHER;  AND  AVOID  ] NAPPPOPR 1 ATE  EXPUOITATIOH  OF 

NSF's  pepuTATioN**   More  recehtlv  i^e  Board  also  dealt  vith^the 

QUESTION  OF  POSSIBLE  ."OHmERCIAL  USE  OF  NSF  SUPf^RTGO  IN  ST^IUHENTAT  I  ON 
IN  A  STATSMEHT  adopted  IN  JaHUARVj   1935#  EMPHASIZING^    IH  PART>  >HAT 

*   -   IT   IS  COHTSARr  TO  NSF'S  iHlENT  FOR  ORAHteES  TO  USE 
'MSF' SUPPORTED  RESEARCH   LNSTRUl^EHTATlON  OR  FAClLlTUS  TO  Pf^OVlDE 
SERVICES  FOR  A  FEE  IN  DIRECT  COMPETITION  k^tTH  PRIVATE  COl^PAHlES^  THAT 
PROVIDE  EQUIVALENT  SERvlCES^^*     ThE  FOUNDATION   1^  CUAREHTLY  REVIEWING  A 
HOTlCE  k^HlCH  WILL  BE^'SEHT  TO  UNlVEPSlTtES  AHD  COLLEGES  LATER  ThIS  VEAR 
OUTLINING  THE  GUIDELINES  FOR  THE  USE  AND  OPERA'TJOJI  OF  NSF' SPONSOpEO 
RESEARCH   INSTRUMENTATION  AND  FACILITIES. 

COHCLUDTNfi  RfHARKS 

Kr«  ChaIRMANj   I  FEEL  CEpTAiN  THAT  YOU  AND  THE  OTHER  M^MfiERS  OF 

vouR  Committee  share  j^y  views  on  the  critical  Importance  or 
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INSTRUHENTATtON  FOR  ^AfMTAlMlNfi  THE  OUALITV  OF  OUR  ScTENTlF'lC 
ENTERPRISE  AHD  ^0>>  STREHGThEN ING  OUR  TRAJrtJNQ  OF  FUTURE  SCiEKTlSTS  AMD 
ENGLKEERS*     An  INVESTMENT  IN  RESEARCH   [ NSTRU^ENtATl ON  J$  Ah  UvESTnENT 
)N  QUALITY  GRADUATE  EBliCATION  AS  WELL  AS  OfJALlTV  SCIENCE  AND 
ErtGlNEEftlNG^ 

/ 

I  BELIEVE  THAT  THE  FOUNDATION'S  FY  l^^^  PflOGRArt  WILL  TAKE  A  plftST 
If^PORTANT  STEP  TOWAftDS  U^^GRADING  TH8  PRESENT  QUALITY  OF  AVAILABLE 
INSTRUMENTATION   IH  THE  MaTIOn's  COLLEGES  AND  UNIVERSITIES-     I  ALSO 
BELIEVE  That  TNE  LEADEftSHtP  ROLE  VfNlCH  THE  FOUNDATION  HAS  PLAYED  AND 
WILL  CONTINUE  TO  PLAY  IN  URGING  OTH£<t  FEDERAL  AGENCIES'  THE  PRIVATE 
SECTOR*  AND  UN  I V£ftSITIES  JHEHSELVES   IS  Or  GREAT  IMPORTANCE  IF  WE  ARE 
TO  CONTINUE  THIS  ADVANCE.  ' 

Mr.  Walgren.  Thank  you  very  much,  Dr.  Knapp* 
The  figure  of  65  percent  of  equipment  being  acquired  with  Feder* 
al  or  partlv  Federal  funds  rings  a  lot  of  bells,  which  I  guess  just 
again  empliasizes  the  magnitude  of  the  problem.  I  remember  I 
went  to. one  ^f  my  universities  not  too  long  ago,  the  engineering 
laboratory,  and  it  was  literally  all  World  War  II  distribution  from 
the  defense  effort,  except  for  two  computers  that  were  charitably 
given  b>  a  Japanese  company,  and  they  had  little  plaques  on  the 
wal!.  However,  it  was  just  amazing  to  see  the  Federal  base  in  that 
laboratory,  from  my  perspective. 

We  are  very  interested  in  NSF's  trying  to  grapple  with  this  prob* 
lem.  You  indicate  that  you  are  going  to  be  spending  a  certain 
amount— a  61*percenl  increase  in  the  budget  in  1984  over  1983— in 
research. 

t.  Dr.  Knapp.  That  is  correct. 

Mr.  Walgren*  This  committee  in  the  past  has,  with  a  rather 
blunt  instrument,  promulgated  thfe  thought  that  perhaps  10  p'^r- 
cent  of  research  money  should  be  spent  on  instrumentation.  How 
do  NSF's  operations  measure  against  that  kind  of  a  direction? 

Dr.  Knapp.  It  depends  on  which  of  the  Foundations  s  directorates 
you  are  discussing.  In  the  MPS  directorate,  for  fiscal  year  1984 
about  20  percent  of  the  budget  will  be  for  instrumentation— with 
thib  61-percent  increase.  In  the  other  directorates,  the  percentage 
increase  is  somewhat  less.  I  wou^d  say  that  10  percent  is  probably 
slightly  low  compared  to  what  NSF  will  really  do  in  fiscal  year 
1984. 

Mr.  Walgren.  How  can  we  be  satisfied  that  we  can  really  track 
those  dollars  into  instrumentation?  Is  your  administrative  system 
at  NSF  set  up  in  such  a  way  that  you  can  really  say  point  blank 
that  X  dollars  of  the  moneys  that  you  commit  are  in  fact  directed 
towards  instrumentation? 

Dr.  Knapp.  There  are  three  different  ways  in  which  NSF  sup- 
ports instrumentation.  One  is  in  the  research  grants  themf^lves; 
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the  second  with  IhubU  special  instrumentation  programs,  and  the 
third  is  the  sut)port  of  large  facilitie;}  used  for  research  in  the  var- 
ious disciplines. 

In  the  latter  two,  it  is  easy  to  track  n^oney  spent  for  instrumen- 
tation, and  about  60  percent  of  the  total  instrumentation  budget  is 
in  the  latter  two  categories.  The  large  facilities— we  certainly  know 
they  are  there— and  they  are  instrunientation.  In  the  research  in- 
strumentation centers  and  the  special  instrumentation  programs, 
the  instrumentation  is  also  ciearly  documented. 

Where  there  may  be  a  question  as  to  whether  the  money  has 
really  b^3en  spent  for  instrumentation  is  the  area  of  instrumenta- 
tion supported  with  research  grants,  tn  that  area,  we  are  alerting 
NSF  program  managers  to  verify  during  site  visits  that  the  instru- 
mentation is  up  to  date  and  meet^  the  description  provided  in  the 
research  proposal. 

However,  there  is  no  specific  way  that  the  Foundation  can  re- 
quire  the  reporting  of  the  purchase  of  Instrumentation  on  a  grant 
after  the  grant  is  awarded  to  the  university.  Of  course,  the  title  to 
the  equipment  rests  with  the  university  that  gets  the  grant;  it  is 
not  government  equipment. 

We  can  be  quite  certain,  however,  that  the  research  done  with 
the  funds  provided  by  NSF  doe^  use  the  equipment  requested  in 
the  grant.  It  has  to  do  that  in  order  to  be  competitive, 

Mr,  Walgren,  You  mentioned  these  regional  instrumentation  ef- 
forts  through  NSF,  regional  instrumentation  facilities.  How  do 
th^  work? 

Dr,  Knapp,  Some  instrumentation  necessary  for  the  conduct  of 
certain  kinds  of  research  is  located  all  in  one.place,  for  example,  a 
university  campus.  Investigators  from  all  of  the  universities  in  that 
area  come  to  that  facility  and  use  the  instrumentation  for  the  ex- 
periments that  they  wish  to  do. 

That  arrangement  is  good  for  some  kinds  of  research,  it  is  inap- 
propriate for  others.  It  is  certainly  clear  that  all  instrumentation 
could  not  be  handled  that  way.  However,  it  is  successful  for  some 
kinds  of  instrumentation*  and  it  is  used  widely  in  some  fields, 

Mr,  Walgren.  Thank  you  very  much, 

Mr,  Gregg. 

^  Mr,  Gregg,  You  have  increased  your  budget  by  almost  $90  mil- 
lion over  1982  actual? 
Dn  Knapp.  For  instrumentation? 
Mr,  Gregg.  Right, 
Dr,  Knapp,  Yes, 

Mr,  Gregg,  That  is  a  considerable  increase,  and  I  congratulate 
you  for  it.  Do  you  think  it  meets  all  your  needs? 

Dr,  Knapp,  The  solution  to  the  instrumentation  problem  will  be 
a  multiyear  program  within  the  Foundation  emphasjizing  instru- 
mentation for  many  years  in  order  to  satisfy  the  need.  The  need  is 
really  very  great.  The  number  quoted  in  my  testimony— an  $800 
million  shortfall  in  15  miyor  research  universities— has  been  fairly 
well  documented.  The  larger  number  for  all  university  research  is 
not  so  well  documented*  but  it  must  be  in  thi;;  billion  dollar  range, 
perhaps,  in  the  multibillion  dollar  ran^e, 

Theiofore,  clearly  an  $80  million  increase  in  instrumentation 
funding  does  not  solve  the  problem  in  a  year  or  several  years.  How- 
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evt*r.  theru  iirv  i^tdcr  huurcub  of  funding  for  instrumentation,  the 
DOD  luib  a  program,  tht-  DOE  also  funds  instrumentation  in  uni- 
versities. Taken  db  a  whole*  with  all  of  the  agencies  funding  instru- 
mentation at  an  enhanced  rate  for  the  next  few  years,  we  will  be 
able  to  make  a  fair  improvement  in  the  problem  the  universities 
are  facing  today. 

Mr,  Gre^gg.  In  arriving  at  thib  funding  increase^  did  you  have  to 
adjust  any  of  the  other  directorates? 

Dr.  Knapp.  All  of  the  NSF  rest^arch  directorates  are  participat- 
ing in  the  increased  funding  for  instrumentation. 

Mr.  Gregg.  Where  did  the  increase  come  from?  Is  it  an  addition- 
al add-on^  or  is  it  a  transfer  from  people? 
Dr.  Knapp.  Instrumentation  maizes  up  a  major  part  of  the  in- 


  crea^ied  funding  requested  for  fiscal  year  1984.  We  have  not  taken 

fundb  from  the  conduct  of  science  in  order  to  get  the  increase  in 
instrum^pntation,  we  have  jubt  emphasi/ed  instrumentation  with 
the  increase  in  funding. 

Mr.  Gregg.  Thank  you. 

Mr.  Walgren.  Thank  you^  Mr.  Gregg. 

Mr.  Bateman. 

Mr.  Batkw      I  have  no  questions,  Mr.  Chairman. 
*Mr.  Walgruv.  Mr.  Skeen. 

Mr.  Skeen.  Dr.  Knapp,  you  make  mention  in  the  report  of  the 
Foundation's  own  research  program  that  it  would  require  matching 
funding  from  industry.  What  kind  of  reception  are  you  getting? 
You  alli:iled  to  it,  but  as  a  specific  response  can  you  give  me  any 
idea  of  how  well  received  tlie  prc^ram  is^  how  much  progress  you 
.       a^i^^gijipg-ii^  iyi0t(;hed"fundinf??   -  — ■  7   - — 

Dr.  Knapp.  I  can  say  something  about  what  has  happened  in  the 
computer  equipment  business^  whe^'e  we  have  had  quite  a  bit  of 
success  in  obtaining  donations  and  oiscounts  from  some  computer 
manufacturers. 

Mr.  Skeen.  Either  equipment  or  fundings  you  get  a  little  of  both 
or  get  olRers  of  both. 

Dr.  Knapp.  Yes.  I  don't  know  how  the  idea  of  matching  funds  for 
equipment  at  these  higher  dollar  values  will  be  received,  but  at  the 
level  that  NSF  hati  been  operating^  I  see  no  great  probteiti  in  get- 
ting matching  funds  for  NSF  instrumentation  programs. 

Mr.  Skeen.  It  doesn*t  cause  the  Foundation  any  ethical  prob- 
lems? 

Dr.  Knapp,  We  must  be  careful  there.  We  are  trj^ing  to  walk  a 
line  that  does  not  give  one  manufacturer  an  edge  in  the  market 
over  another  manufacturer.  NSF,  of  course,  is  only  a  matchmaker 
in  this  effort.  KSF  puts  universities  in  touch  with  companies^  and 
thej  make  whatever  arrangements  seem  best  for  the  universities. 
NSF  is  not  involved  in  any  contractual  arrangements^  but  still  we 
must  be  careful  that  the  process  is  completely  open,  without  favor 
for  one  manufacturer  over  another. 

We  have  worried  a  great  deal  about  that.  The  Boards  guidance 
helps  assure  that  the  Foundation  has  been  careful  to  avoid  nny 
conflictii  that  could  cause  problems. 

Mr.  Skeen.  Well,  we  here  on  the  Hill  think  there  is  probably— or 
a  lot  of  us  do,  some  of  us  don't— and  I  don*t  envy  your  position  as 
being  a  marriage  broker  or  a  counselor.  Either  one.  Dr.  Knappt  in 
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this  case  would  be  kind  of  diHicult.  However,  I  would  think  too 
that  we  would  like  to  encuuragu  this  kind  of  thing.  In  certain  situa- 
tions that  we  are  familiar  with  in  this  part  of  the  country,  there  is 
this  willingness  to  have  this  kind  of  participation  and  cooperation. 

It's  very  difficult,  thought  who  makes  the  first  approach  in  this 
thing  I  would  think  the  National  Science  Foundation  would  have  a 
very  difflcuU  problem  deciding  who  is  it  that  brings  up  the  subject* 
or  who  do  you  approach  in  a  cooperative  sense.  I  don't  know*  is  in- 
dustry itself  willing  to  make  the  initial  approach  in  these  sugges- 
tions for  universities  or  other  institutions,  in  matching  funas  or 
gifts  of  equipment  and  so  forth? 

Dr.  Knapp  In  th^  case  of  the  computer  equipment  that  I  alluded 
to*  I  understand  the  Foundation  was  makings  grants  for  computer 
equipment  in  several  universities*  and  a  manufacturer  came  for- 
ward with  a  proposal.  If  items  cpuld  be  lumped,  then  the  universi- 
ties could  have  such-and-such  equipment  with  a  large  discount,  and 
it  was  accepted, 

Mr,  Skeen,  Is  it  a  widespread  practice  now*  or  is  it  increasing, 
or  

Dr,  Knapp,  I  think  it  is  fairly  widespread, 
Mr,  Skken,  Thank  you  very  much,  Dr,  Knapp, 
Thank  you  very  much,  Mr,  Chairman, 
Mr.  Walgren,  Thank  you*  Mr,  Skeen, 
Mr,  Brown, 

Mr,  Brown.  Dr.  Knapp,  does  the  Foundation  have  any  plans  for 
supporting  an>  new  earth-based  optical  tetebcopu  developments  in 
the  next  few  years? 

 Dr.  _Knapp  The  Astronoinv  Division  of  the  Foundation  is  request- 

ingTunds  to  sfu3y  fecfinology  that  could' lead  towards' a  lai^e, 
earth  based  optical  telescope.  The  new  technology  is  not  defined, 
but,  there  are  ideas  on  how  to  proceed  with  the  development  of  the 
technology  for  such  a  telescope.  No  design  is  being  developed.  Stud- 
ies underway  all  looking  at  possible  ways  of  making  large  mirrors 
.vithout  requiring  massive  systems  to  support  them, 

Mr.  Brown,  The  Univeniity  of  California  people  have  not  spoken 
to  you  about  what  they  are  proposing  to  do?  I  think  they  have  an 
instrument  somewhat  like  this  in  mind*  in  the  conceptual  stage. 

Dr.  Knapp.  I  am  not  aware  of  it.  No  one  from  the  University  of 
California  has  come  to  see  me  specifically,  I  am  certain  that  they 
are  talking  with  NSF  staff  in  the  Astronomy  Division, 

Mr.  Brown,  Going  on  tu  another  subject— and  I  have  not  read 
your  statement  yet,  and  I  apologize  for  that  -could  you  comment 
on  the  status  of  the  NSF,  computer  science  network,  what  they  call 
CSNET?  I  am  interested  in  whether  or  *>ot  that  network  is  intend* 
ed  to  provide  broader  scientific  access  to  supercomputers.  Every 
time  I  turn  around  there  seems  to  be  a  new  generation  of  comput- 
ers and  new  networks  developing,  and  I  am  kind  of  wondering 
what  the  role  is  that  NSF  is  playing  in  that  development. 

Dr,  Knapp,  That  is  an  extremely  complicated  topic.  The  CSNET 
itself  IS  a  network  connecting  computer  science  departments  in  uni- 
versities funded  by  NSF  around  the  country.  As  a  network,  it  is  in- 
adequate to  serve  for  access  to  supercomputing.  It  is  relatively 
slow.  It  is  used  for  transmitting  data  and  messages,  but  it  is  not 
adequate  for  high  data  rates  required  in  supercomputing  systems* 
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such  as  can  be  transmitted  on  ARPANET  or  the  magnetic  fusion 
network  developed  in  the  Department  of  Energy. 

ARPANET  is  a  network  supported  by  the  DOD.  It  is  adequate  for 
access  to  large-^cale  scientific  computing;  in  fact,  this  network  is 
available  on  man>  university  campuses  and  perhaps  could  be  ex- 
panded and  incorporated  with  CSNET  to  make  a  network  for  major 
computer  access  by  researchers  on  university  campuses. 

There  u.the  future  possibility  that  commercial  networks  will  be 
developed  svith  adequate  capacity  so  that  universities  can  be  con- 
nected to  large-scale  computing  facilities  remote  from  their  cam- 
puses. However*  commercial  networking  mui^t  be  looked  at  careful- 
ly. We  must  understand  exactly  what  we  are  getting  involved  with 
before  we^y^ctiJd  use  a  commercial  network  for  this  purpose. 

TJae^  Foundation  has  formed  a  committee  among  the  assistant  di- 
fectors  to  look  at  the  problem  of  computer  access  for  NSF  grantees. 
We  want  to  understand  an  optimum  direction  to  proceed  in  achiev- 
ing access  to  major  computers  for  the  grantees.  This  will  be  a 
m^gor  topic  of  consideration  at  the  Board  meeting  in  May. 

I  personally  bc'ieve  that  access  to  lai^e  computers  by  scientists 
in  the  universities  is  extremely  important.  It  must  be  a  multia- 
gency,  program— not  just  the  NSF— in  order  to  coordinate  all  of 
these  efforts  and  get  the  most  access  for  the  minimum  expenditure 
of  funds. 

Mr.  Brown.  Wasn't  that  one  of  the  recommendations  of  the  con- 
f  ience  on  lar^e-scale  computing  which  you  sponsored  with  the 
XyoD  a  year  or  so  ago?  Oh,  you  weren't  here  then,  yes. 

Dr.  Knapp.  I  wasn't  hefe,  but  I  think  that  is  correct. 

Mr.  Brown.  I  was  out  at  NCAR — I  may  have  mentioned  itJa 
you— last  month,  and  I  observed  the  Cray  machine,  and  I  think  I 
was  told  that  they  were  developing  connections  with  3ome  of  the 
adjoining  western  universities  with  that  machinei  some  sort  of  a 
network  or  access.  You  have  mentionedi  I  think,  the  fusion  use. 
Eton't  Los  Alamos  and  Livermore  both  have  Cray  machines? 

Dr.  Knapp.  Yes. 

Mr.  Brovi^n.  Are  they  interconnected? 

Dr.  Knapp.  They  are  not  interconnected,  but  there  is  a  Liver- 
more  machine,  perhaps  two  machines,  in  the  FUSION  NET  which, 
for  example,  researchers  at  Princeton  University  use  almost  con- 
tinuously. 

Mr.  Brown.  Are  they  linked  by  microwave  or  satellite  or  

Dr.  Knapp.  The  FUSION  NET  is  linked  by  satellite;  the  ARp 
PANET  by  telephone  line  and  probably  microwaves.  I  am  not  cer- 
tain the  way  it  works,  but  the  lines  are  not  just  typical,  dial  tele- 
phone lines.  Such  lines  are  much  too  slow  for  this  purpose. 

Mr.  Brown.  Do  you  ever  visualize  in  your  mind's  eye  some  Utopi- 
an network  which  is  interconnected  by  satellite  and  has  all  kinds 
of  public  service  connection  capabilities 

Dr.  Knapp.  I  am  not  sure  you  can  do  everything  for  everybody  in 
one  system,  but  if  this  technology  continues  to  evolve,  certainly  sci- 
entific computing  around  the  country  will  be  interconnected  in  a 
general  way. 

Mn  Brown.  Is  there  a  difTerence  in  the  interconnections  re- 
quired here  and  the  Interconnections  that  would  be  required  in  this 
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contract  that  1  undcratuiid  the  Air  Force  let  to  interconnect  oil 
their  computers  on  a  global  basis  Just  a  month  or  two  ago? 

Dr.  Knapp.  I  don't  know  the  details  of  the  Air  Force  contract. 

Mr.  Brown.  Thank  you  very  much. 

Mr.  Walghen.  Thank  you*  Mr.  Brown. 

Do  we  know  how  much  of  the  equipment  and  ^instrumentation 
efTort  goes  into  computers  ab  oppo^ied  to  other  kinds  of  equipment? 

Dr.  Knapp.  1  don*t,  but  we  could  certainly  supply  the  information 
for  the  record. 

(The  material  follows:) 

OOMPUTEH  £<iUIPMEST  FUNDING 

NSF  funding  fi^r  ir^mpuU-r  equipment  in  the  four  rc^arch  dirf.-ctoratvs  ^AaEK)^ 
BBS,  ENG,  MPSj  h>  e^lmiated  io  ha  $1  tl  million  in  FihCuJ  Yt-ar  Ifi^  and  l2oJ6  mil- 
lion r^r  Fitiuil  Vt-ar  JDbl  Thib  rvprciscnti  pcrconl  of  the  told  equipment  and 
instrumental  ion  in  FjscaJ  Year  lOfiit  and  t4.3  percent  in  Fiscal  Yvnr  i,984. 

Mr  Walgren.  I  guess  it  is  obvious,  that  networks  are  possibly 
very  helpful  in  terms  of  reducing  cost,  and  yet  we  are  only  to  the 
btdge  of  hdving  a  committee  at  this  point  in  NSF  to  evaluate  what 
networking  in  terms  of  access  ought  to  be.  Is  that  your  testimony? 

Dr.  Knapp.  Certain  kinds  of  computing  have  dominated  the  field 
during  the  pa&t  few  years.  Relatively  smaller  coirputers  have  been 
involved.  In  fact,  for  most  scientific  calculations^  computers  that 
are  compatible  with  a  univerbity  campus  are  rean>  needed.  Only  in 
special-purpose  casesj  such  ay  Mr.  Wilson  discusjsed  with  the  com- 
mittee a  couple  of  \\eeks  ago,  are  supercomputers  really  necessary 
and  access  to  the  network  is  really  required. 

It  is  a  fairly  complicated  problem— getting  the  right  kind  of  com- 
"piitirg'lor  the  rigHt  number  of  people  on  all'The  campuses.  It  will 
take  a  while  to  understand  all  the  ramifications  of  an  optimum 
system  for  the  country.  If  it  is  possible  to  have  a  computer  on 
campus  adequate  to  the  needy  of  investigators  v^ho  are  doin^j  the 
rescaich  there,  and  if  the  computer  would  be  completely  utilized, 
then  I  think  it  is  clearl>  preferable  to  have  the  computer  on  the 
campus  rather  than  remotely  located. 

Mr.  Waixjren.  With  respect  to  being  completely  utilized,  I  under- 
stand that  there  is  this  process  where  pieces  of  equij>ment  might  be 
available  if  we  were  allowing  user  charges  ay  cost  elements  in  a  re- 
search proposal,  where  a  larger  system  could  be  put  in  place  and, 
without  NSF  money,  built  into  the  structure  of  whatever  entity 
was  putting  it  there^  but  then  the  financing  base  to  carry  that  in- 
strument i^ould  be  made  up  of  various  user  charges.  Do  we  have 
those  user  chaises  as  legitimate  expenses  at  this  point? 

Dr  Knait.  I  understand  that  those  are  legitimate  expenses. 

Mr  Walgken.  Just  one  other  thought.  It  is  my  understanding 
that  there  is  this  National  Technical  Information  Service*  and  it 
tries  to  be  a  network  for  certain  information  but  NSF  does  not  con- 
tribute to  that.  Is  that  correct? 

Dr.  Knam*.  Tm  sorry,  I  don't  know  the  details. 

Ml.  Walgken.  Well,  maybe  we  could  ask  somebody  to  give  us  a 
view  of  that.  The  idea  is  that  supposedly  the  NSF  is  the  only  Fed- 
eral agency  which  does  not  provide  information  with  respect  to  re- 
search findingsj  to  this  technical  information  service,  and  if  that  is 
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the  case,  we  ouyiit  to  untlen?.ynd  why  we  are  withholding  and 
what  we  are  withholding. 

Dr.  Knapp.  Vm  sorry.  I  don't  know  any  detail  at  alL 

[The  material  follows:] 

During;  ihe  yoars  that  the  Smithsonian  Science  InfgmiotiDn  Cxchanj^c  served  os 
ihe  cleaTinghous<?  for  r^arch  in  proj^ci^,  NSF  ruTnu>hcd  hard^opj  summaTi^ 
'Form  1'  of  all  ijrants  to  the  Exchiint?*^  «n  roul-ne  bawb.  However*  when  NTIS  as* 
sumed  thh  responsibility  and  rcvjujred  thu  input  the  f^rm  of  computer  rofldable* 
indexed  ftbstracu?  of  current  re^^earch  Projcct^^  NSF  wab  forced  to  reconsider  its  par* 
ticipation  \ticr  reviewiiif;  the  substantial  additional  cost^  of  the  work  required  to 
provide  the  informatton  and  in  the  abbenct;  of  ^ompclhnij  evidence  that  it  would  be  ^ 
used  extensively  by  the  scientific  community,  NSF  decided  not  to  participate  in  the 
datn  colJmion  in  its  current  form  NSF  does,  however,  arrange  for  the  dissennna- 
tion  through  NTIS  of  research  results  in  appht^d  and  policy  related  Tesearch  where 
the  traditional  means  of  dissemination  used  in  dibcipIine^Jiiented  basic  researc)) 
may  not  be  adequate. 

Mr.  Walgren,  OK.  This  Circular  A-21--and  this  is  an  area  that 
I  don't  know  very  much  about  at  all— you  say  it  was  revised-  I  am 
remembering  that  a  certain  amount  of  overhead  was  asked  to  be 


^  shouldered  by  the  institutions,  at  least  in  the  medical  area,  by  thb 
administration  just  as  a  cost-cutting  efTort  in  research*  They  were 
going  to  simply  strike  from  the  grants  10  percent  of  the  adminis- 
trative costs. 

That  seems  to  run  counter  to  your  reference  to  Circular 
where  you  are  allowing  greater  overhead  costs  to  be  covered  in 
your  grant,  essentially.  Is  that  an  area  of  any  controversy  present- 
ly in  NSF? 

Dr  Knapp.  No,  it  has  not  come  to  my  attention  since  I  have  been 
Director  that  any  cutting  of  the  overhead  or  indirect  costs  is  being 
contemplated  for  NSF  grants. 

Mr.  Walgren*  Mr  Gregg* 

Mr.  Gregg.  Dr.  Knapp,  you  are  aware,  of  course,  that  H.R*  1310 
passed  the  House  and  that  in  that  there  was  the  matching  grant 
proposal  for  the  $100  million  fund  to  be  set  up  under  the  Fuqua 
proposal  Can  you  advise  us  as  to  how  you  are  contemplating  han- 
dling thatt  assuming  it  proceeds? 

Dr  Knapp.  The  administration  is  studying  its  position  with  re- 
spect to  H,R  1310,  and  I  probably  should  not  comnient  directly.  We 
are  studying  the  provisions  affecting  NSF  in  portions  of  that  bill. 
We  feel  now  that  the  various  provisions  are  such  that  NSF  would 
have  funding  for  a  reasonable  program  in  support  of  science  and 
^  mathematics  education. 

Mr  Gregg.  I  guess  you  are  saying,  essentially*  that  you  don't 
want  to  get  into  it  until  it  passes  and  the  administration  has  ac- 
cepted it? 

Dr.  KNApr.  There  are  many  players  in  the  act. 

Mr.  Gregg.  We  will  stand  by,  then,  waiting  for  that  to  be  further 
sugared  off  so  that  we  could  get— I  think  it  would  be  good  if  NSF 
could  give  a  sense  of  how  you  are  going  to  handle  this* 

Mr*  Walgren*  Further  sugared  off?  Is  that  a  local  

Mr.  Gregg.  We're  getting  into  the  spring  now. 

Mr.  Walgren.  Mr.  Gregg  is  from  New  Hampshire. 

Mr  Ghegg.  I  wouid  be  interested  in  whether  you  plan  to  set  up  a 
different  directorate  or  whether  you  intend  to  
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Dr.  Knapi'.  I  commented  on  that  questii/a  at  a  hearing  of  this 
subcommittee  recently.  I  said  that  depending  oh  the  size  and  com- 

Elexity  of  the  program  NSF,  would  have  to  pdt  forward,  I  would 
ave  to  decide  about  a  separate  directorate  for  education.  I  would 
like  to  wait  until  that  time  to  comment  on  the  plans.  It  is  clear 
that  if  NSF  haif  a  large  program,  it  must  have  an  appropriate  orga- 
nization to  manage  the  program. 
Mr.  GnEGG.  Very  good.  Thank  you. 
Mr.  Walgren.  Mr.  MacKay,  any  thoughts  or  questions? 
Mr.  MacKay.  No,  Mr.  Chairman. 
Mr.  Walghen.  Mr.  Sensenbrenner. 
Mr.  Sensenbrenner.  No  questions. 

Mr.  Waluren.  OK.  Let  me  ask  one  final  one*  if  I  could,  and  that 
is,  it  is  our  understanding  that  the  Department  of  Energy  is  pro- 
posing a  5180  million  effort  in  a  materials  laboratory  over  a  period 
of  5  years.  The  question  arises,  how  does  NSELrdateJiLiJiaLina^ 
much  as  a  large  part  of  the  physical  science  effort  is  related  to  ria- 
terials?  Why  ivould  that  laooratory  go  into  DOE,  as  opposed  to 
beinj'  run  hy  NSF,  and  what  was  our  input  to  that  decision  from 
NSFs  standpoint? 

Dr.  Knapp.  Yes,  NSF  has  a  Materials  Science  Division  and  mate- 
rials science  is  also  in  other  divisions,  such  as  the  Chemistry 
Division.  NSF  supports  a  lot  of  worit  in  materials,  but  the  Depart- 
ment of  Energy  also  does  a  great  deal  of  work  in  materials.  The 
Department  has  a  Materials  Research  Division  with  a  large  budget, 
probably  larger  than  the  NSFs  budget  in  materials  research. 

NSF  funds  only  a  fraction  of  the  materials  research  conducted  in 
the  country;  it  is  and  has  been  a  Department  of  Energy  field  of  sci- 
ence. The  Department  is  only  expanding  its  effort  in  this  field. 

As  for  NSFs  input  into  DpE  s  proposed  program,  I  feel  myself 
that  materials  science  is  an  extremely  fruitful  and  active  area  of 
science,  sonKthing  that  could  easily  take  expansion.  It  i&  an  impor- 
tant program  an3  an  area  of  science  that  will  return  great  divi- 
dends to  this  country. 

As  for  detailed  plans  to  fund  this  laboratory,  NSF  has  not  been 
involved  in  the  planning.  However,  I  do  not  think  it  will  affect  ad- 
versely NSF  grantees  m  Foundation-supported  materials  science 
laboratories.  In  fact,  as  I  say,  having  more  effort  in  materials  sci- 
ence is  a  positive  step  for  the  country  to  take. 

Mr.  Waluken.  Can  I  ask  how  we  would  be  coordinated  in  general 
with  other  research  efforts  of  the  Government?  If  we  have  not  been 
involved  with  the  direction  and  the  thrust  of  that  DOE  laboratory, 
that  then  raises  a  general  question  of  the  state  of  coordination  of 
effort  that  ive  are  making  on  many  levels. 

Dr.  Knapp.  I  can  speak  specifically  about  the  two  fields  of  science 
in  which  I  have  experience  as  a  scientist.  I  think  the  coordination 
between  the  Department  of  Energy  and  the  National  Science  Foun- 
cfation  in  both  high  eneigy  physics  and  in  nuclear  physics  is  excel- 
lent We  have  joint  committees  with  members  from  both  DOE  and 
NSF.  We  try  to  plan  joint  jjrcgrams  in  which  NSF  grantees  use  De- 
partment of  Energy  lacilitieSr  and  vice  versa. 

Therefore,  in  the  fields  that  I  am  aware  of,  we  have  excellent  co- 
ordination. Materials  science  is  a  field  with  which  I  am  less  famil- 
iar as  a  scientist.  I  do  not  know  what  the  mechanisms  are  in  that 
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fieldt  but  1  would  think,  as  materials  science  needs  the  size  of 
equipment  thut  requires  national  centers  &uch  as*  the  synchrotron 
light  source  at  the  Brookhaven  Laboratory  and  neutron  scattering 
facilities  for  solid-state  physics  studies  at  Lo&  Alamos*  it  impor- 
tant that  similar  committee  structures  be  set  up  so  that  we  do  have 
close  coordination  of  the  programs. 

Mr,  Walchen,  Maybe  we  could  leave  the  record  open  at  this 
point  for  some  kind  of  submission  that  the  Agency  might  like  to 
make,  which  would  assure  us  that  from  a  management  standpoint 
we  are  in  direct  pursuit  of  that  kind  of  coordination  that  you  cer-^ 
tainly  recognize,  and  more,  as  important. 

Dr.  Knapp.  We  will  be  glad  to  do  so. 

[The  material  follows:] 
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Ccordirtation  of  NSF  (Yogrami  With  Other  Federal  Efforts 


Mathematical  and  Physical  Seizes 


Maiherifjaiics  —  Since  NSF  accounts  for  virtually  aJj  PetJeraJ  support  for  core 
mathemaiLUi  the  Foundation  has  a  unique  responsibility  in  this  area*  fortr^at  coor<Iination 
of  the  Federal  elloft  is  accomplished  through  an  interagency  g^oup  called  ICEMAP 
(Interagency  Committee  for  Extramural  Mathf^atic^s  Programs)}  which  meets  once  a  ye^r 
to  exchange  im  of  grants  and  budget  data/  Infonnal  interactions  among  NSF  program 
managers  arkl  their  Fe<$eral  counterparts  is  continuous  throughotit  the  yrrar. 

Computer  Research  ^  Interagency  coordination  is  effected  by  an  informal  coordinating 
committer,  by  exchange  of  proposal  and  action  hsts  and  by  person- to-persoo  contacts*^ 
Particularly  close  coordination  is  maintained  with  DOD,  60E,  NASAi  and  NIH  in  the 
initiative  to  provide  increased  long* range  support  lor  experimental  computer  science. 

Physic*  —  Coordination  with  other  government  agencies  Is  achieved  through  the  Hi^ 
Energy  Physics  Advisory  Panel  of  OOEi  the  joint  NSF/DOC  Nuclear  Science  Advisory 
Committeei  and  Interagency  Committees  on  Atomic  and  Molecular  Physics  and  on  Plasma 
Physics  involving  NSF*  DODi  and  DOE. 

Chemistry  —  Coordination  is  accomplished  through  the  Federal  Interagency  Chemis:ry 
Representatives  Crcup^  and  the  Interagency  Coordinating  Croup  in  Laser  Development 
and  Applications.  Indivi<fual  NSF  program  directors  interact  regularly  with  their 
couf^terparts  in  other  agencies,  mainly  DOE*  NIHi  and  DOD  to  exchange  information, 
discuss  problemsi  and  coordinate  efforts. 

Materials  Research  —  interagency  cootdination  occurs  at  several  administrative  levels 
which  include  the  Committee  on  Materials  of  the  Federal  Coordinating  Council  for 
5cief>ce,  Enginecririg  arid  Technology!  the  Department  of  Oeferuc  Apportionrtient  Reviews 
and  informal  program  reviews.  NSF  has  bc*n  instrumental  in  establishing  and  operating 
the  Interagency  Materials  Croup. 

Engineering 

Electrical  Computer  and  System;-  Engineering  —  NSF  program  directors  are  in  constant 
^mmaucatJOft_*Lttiux.ts£^chjrtanagers  in  associated  areas  irt  other  agencies,  not  only 
those  supporting  basic  research  bvt  also  TRoie  In  appKetfreseafefrraiirf  develqwnem.  For 
example,  electronics  research  is  coordinated  wKh  related  programs  in  the  Office  of  Naval 
Researchi  the  Atr  Force  Offtc^  of  Saentific  Research}  the  Army  Research  Officer  the 
DepA^rtment  of  Defense  Advanced  Research  Projects  Agency  rNASAr  NDS  and  NIH  through 
an  ad'hoc  interagency  coordination  committee.  Systems  research  is  coordinated  with 
corresponding  eflorts  in  the  Department  of  Energy,  Department  of  Trans  por  tat  ion  j  and 
the  Department  of  Defense  thrwigh  common  pa.  ticipation  in  technical  society  workshops 
and  though  informal  mei,*tir^.  Pfasma  ^d  laser  research  is  coordinated  with  the 
activities  of  DOE.  Bioengi  nee  ring  staff  members  are  participants  in  an  Interagency 
Committee  on  the  Biological  Effects  of  Non-lonijwng  Electromagnetic  Radiation. 
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niernical  and  Prwres*  Ctvgiticerihg  Proj^ram  directors  in  this  area  ar«  ali*^  in  frequent 
cont^ict  With  Federal  agencies  having  existing  or  potential  interfaf^es  with  their  programs. 
Examples  include  liaisons  with  the  Department  of  Energy  on  fi'jLdJ£0<l  bed  technology, 
biotra^  utlti^atlon,  ca^alysiS}  combustion',  and  nucleor^t^s;  «;ith  ;he  U.S.  t^ureau  of  Mines 
on  extractive  metallurgy  and  particulate  separation;  with  the  National  Bureau  ol 
Standards  on  thermodynamK^  and  transport  properti  with  the  Environmental  Protection 
Agency  on  eJettro$tat*c  Precjpitaxion;  and  with  t'  e  Oepariment  of  Defense  on  catalysis, 
plasma  chemistry  and  arc  technology.  NSr  stall  also  maintains  active  liaison  with 
interagency  and  independent  groups  such  as  the  Interagency  Advanced  Power  Orv>upr  the 
International  Fine  P^irticle  Research  Institute^  the  American  Chemical  Society/ Petroleum  ^ 
Research  Fund^  and  the  Task  Force  fof  Cooperative  Advances  in  Chemjc:i?  c^iArv;^  and 
Technology* 

Civtl  and  Environmental  Engineering  —  Coordination  efforts  by  the  Water  Resources 
Engineering  staff  involve  direct  <^ontact  with  the  Office  of  Watef  Research  and 
Technology  the  Department  oE  Interior  and  \vith  the  Environmental  Protection  Agency* 
Mission  related  structural  mechanics  research  is  carried  out  by  the  Office  of  Naval 
R<^earchT  Army  Research  Office  m  Durham^  N.C,  the  Air  Force  Office  of  Scientific 
Research,  and  NA5A.  Through  regular  contacts^  NSF  ensures  that  its  research  program  ts 
properly  related  to  the  activities  of  these  agencies*  NSF  program  officers  m  Geoteciv 
mcal  Engineering  are  m  regular  contact  with  the  U.S*  Geological  Survey  and  the 
T^rp^irtment  (?f  Energy.  The  National  Earthquake  Ha^a^ds  Reduction  Program^  developed 
the  Executive  Off*ce  of  the  President^  has  designated  NSF  as  the  lead  agency  for 
rcsfe^rch  on  earthquake  engmeoring*  NSF  is  an  active  member  of  several  research 
coordination  groups,  such  as  the  Interagency  Discission  Group  on  nisastjor  Mitigation* 
These  groups  meet  regula  consider  recent  developments  m  'he  fields  --jrrent 
progran^  and  future  act-        in  t>oth  the  public  and  private  sectors. 

Mechanical  .Engineering  and  Apphed  Mechanics  —  NSF  program  officers  mamtain 
f^Ontacts  with  their  counterparts  m  other  Federal  agencies  to  e^hang^e  information  and 
avoid  unnecessary  duplication.  PrirKip^l  agencies  are  the  Department  of  Defense  and  the 
Pepartment  of  Energy.  Regular  meetings  take  place  with  officers  of  the  Office  of  Naval 
Research,  Naval  Research  Laboc^atory,  the  David  W*  Taylor  Naval  Ship  R^arCh  and 
Development  CenteTf  the  Langley  and  Lewis  Facilities  of  NASA,  and  the  Army  Research 
Office  m  Durham^  NkC- 
\ 

\l^ioloj;lcal>  Qehavioral>  and  Social  Sciences 

\^ 

Physiology^  Cellular  and  I^^^lecular  Diology  —  Coordination  with  the  research  support 
activities  of  other  Federal  agencies  is  maintained  through  a  variety  of  formal  and 
informal  mechanisms.  PtogfAm  Officers  attend  study  section  and  Council  meeting?  ttt  the 
National  Institutes  of  htealth  {NiH)  as  observers.  Similarly^  Nfff  officials  often  attend 
N5F  advisory  committee  and  subcommittee  meetings  and  provide  information  about  the 
NIH  plans  to  tund  propolis*  These  steps  enable  each  agency  to  monitor  specitic  research 
proposals  and  avoid  duplication  of  effort.  NSF  staff  members  also  serve  as  haison 
representatives  of  a  variety  of  advisory  and  interagency  committees*  The  NSF-initiated 
Interagency  Committee  for  Plant  Sciences  continues  to  bring  together^  periodically^ 
representatives  from  the  Department  of  Agriculture,  National  Institutes  of  Healthy 
Department  of  Energy^  National  Aeronautical  and  Space  Administration,  Food  and  Hrug 
Administration,  EnvitonmentaS  Protectioi*  Agency^  the  Smithsoman  Institution^  and  the 
National  Academy  of  Sciences.  Where  appropriate*  the  program  parttctpates  in  |t>tnt 
support  of  research  with  other  Federal  agencies. 
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F)iotJc  Systoms  ^nd  Resource;  —  Tht>  Vound^^tion  provides  c^sontj^lfy  ^JJ  of  the  Peder^f 
support  for  baste  research  lO  syst^^atic  biology,  non'hum.an  population  biology  and 
eco*o;;y.  Other  P^erM  agenciw,  such  as  the-  Depar  .ta^ot  of  Agriculture^  interior,  Grvergy 
an<l  the  EPAi  support  applied  environmental  research  relevant  to  their  missions,  Many  of 
those  acifvjLes  duitd  upon  the  resides  of  ^sjc  ireso^rch.  Coordination  takes  pJ^ce  through 
rnieragency  committees  and  i^sk  forces  in  connection  with  problems  of  tropjcal  defore- 
station, loss  ot  gen^ti^  diversity,  sxci<i  roin^  global  carbon  diojude^  integrated  post 
TVianagem^'nt^  and  dovelopnient  oi  natural  areas  a'ld  bjosphere  reserves  as  research  sites. 

t 

Behavioral  and  Neural  Sciences  --  NSF  provides  tho  esst^ntial  core  support  of  projects 
that  arc  not  expljcitly  roiatod  to  probloms  of  hoalth  and  disease.  There  are  extonsivo 
formal  and  informal  interactions  between  the  Foundation's  program  staff  and  their, 
counterparts  in  the  National  Institutes  of  Healthy  the  AlcohoU  Drug  Abuser  and  Mental 
Health  Administration,  the  Natjonai  Endowment  for  the  Humanities,  the  National 
Institute  of  Education,  the  Of fjce  o(  NavaJ  Researchj  and  other  agencies.  When  proposals 
are  s^mitied  to  another  Federal  agency^  each  proposal  to  be  recommended  for  award  by 
NSF  IS  reviewed  to  assure  that  duphcate  support  will  not  oceur. 

Social  Economic  Sciences  —  Coordination  is  maintained  ^vuh  scientists  and  research 
adniinistrators  m  other  agencies,  such  as  the  National  Institute  for  Child  Health  and 
Humao  Development,  the  National  Institute  of  Mental  Healthy  the  (bureau  of  the  Census^ 
the  [bureau  of  Lconomic  Analysis^  parts  of  the  Departments  of  Treasury*  3ust]ce#  Labor, 
Housing  and  Urban  Development,  the  FecleraJ  Res^trve  t^oard,  and  the  Council  of  Fconomlc 
Advjsors. 

Information  Sciertce  and  Technology  —  Coordination  with  alhed  programs  and  other 
agencies  is  effected  through  reciprocal  review  and  joint  support  of  proposals,  and 
participation  m  advisory  committee  meetmgs  and  scien.tfic  seminars.  This  program  is  the 
only  source  of  Fe^eraf  support  for  basic  research  over  the  full  s^ctrum  of  information 
science  and  technology.  Modest  ieveJs  of  st^pport  are  provided  by  the  National  Library  of 
Medicine,  the  D^f^nse  Advanced  Research  Projects  Agency,  and  the  Office  of  Naval 
Research  for  work  directly  related  to  their  missions.  NSF  staff  participates  in  working 
groups  of  the  Federal  Coordinating  Council  for  Sdencot  Engineerings  and  Technology  of 
the  Office  of  ^eicnee  and  Technology  Poficy^  and  maintains  elose  relations  with  the 
National  Telecommunications  and  Information  Agency  iind  the  Nauonal  Academy  of 
Sciences  Board  on  Telecommuiieations-Computer  Applications. 


Astronomy  —  The  Foundation  has  lead  agency  responsibility  for  the  support  of  U.S.. 
ground-based  astronomy.  Over  two-thirds  of  Federal  support  for  this  part  of  the  field 
comes  from  NSF  through  research  grants  to  universities  and  contracts  for  the  operation  of 
the  National  Astronomy  Centers.  The  other  agency  which  provides  significant  support  is 
the  National  Aeronauties  and  Spaee  Administration  (NaSa)*  Coordination  among  agencies 
IS  standard  praeiice  at  all  management  levels.  Representatives  from  NSF>  NASA,  and 
other  agencies  with  astronomers  in  Washington  participate  m  meetings  of  the  Government 
Astronomers*  Round  Table^  an  informal  group  whose  members  are  involved  In  funding  U.S. 
ground-base<}  and  space  astronomy.  NST  cooperates  with  NASA  in  several  areas.  Both 
agencies  are  sharing  in  the  eosts  of  supporting  visitor  use  of  the  NASA  infrared  telescope 
in  Hawait.  The  two  are  in  close  contact  new  technological  developments  such  as  solid 
state  light  detectors  and  minieomputers.  The  International  Ultraviolet  Explorer  and  other 
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satellites  are  utiltztd  by  many  NSr  grantees  lu  the  course  ol  the<r  investigations.* 
Sacramento  P«ak  Observatory  and  Kitt  Peak  National  Observatory  staff  collaborated 
closely  with  other  scientists  in  space  soiar  p  ograms  which  were  funded  by  NASA*  such  as 
the  Solar  Maximum  Missioc^  Spacelabi  and  the  International  Solar  Polar  Mtsston.* 

Atmospheric  Science*  —  Atmospheric  research  s^ipport  is  coordinated  through  a  number 
of  me<:hanisms.  A  major  coordinating  mechanism  for  research  is  the  Subcommittee  for 
Atmospheric  Research  ol  the  Committee  on  Atmosphere  and  Oceans  (CAO).  CAO  is  a 
committee  of  the  Federal  Coor<OnalJng  Council  on  Science*  Engineering*  and  Technology* 
In  addition  to  this  coordination^  the  National  Center  for  Atmospheric  Research  and  other 
isrSF  atmospheric  scien<%  programs  receive  advice  frrm  coflnmtttee*  of  the  nAS/NRC  such 
as  the  Committee  on  Atmospheric  Sciences,  the  Qimate  Research  IHoardi  the  Geophysics 
Rese^ch  Boar<it  and  the  Ocean  Science  Board, 

E^th  Sciences  —  NSPs  coordination  of  Earth  Sciences  with  other  agencies,  is  partly 
formal}  with  program  staff  participating  in  interagency  committees  or  dtscusston  groups, 
such  as  the  Intera^ncy  Geophysics  Discussion  Group,  and  partly  informal  throygh 
personal  contacts.  The  staff  of  the  Earth  Sciences  program  has  been  activa  in 
committees  that  deal  with  earthquakes,  g^ophysicsi  continental  drilling}  and  mineral 
(teposits. 

Ocean  Sciences  —  Federal  funding  for  ocean  r*;scarch  is  coordinated  through  the 
rommittet-  on  Atmosphere  and  OceanSj  with  advice  from  the  National  Advisory  Commits 
tee  on  Oceans  and  Atmosphare  and  the  National  Academy  of  Sciences*  The  University. 
National  OceanograpJpic 'laboratory  System  (UNOLS)  supported  by  NSFj  ONRj  and  other 
agenciesi  provides  a  mechanism  for  elficient  use  and  maintenance  of  the  academic 
oceanographic  research  fleet.  Coordination  is  also  provided  by  informal  contacts  between 
NSF  Staff  and  their  counterparts  In  other  Federal  agencies* 

Ocean  Drilling  ■**  The  National  Science  Foundation  coordinates  support  of  the  Oc^an 
Drilling  Programs  with  th^  work  of  other  agt^ncies  through  participation  on  interagency 
committeest  and  direct  contact  between  NSF  program  managers  and  their  counterparts  io 
the  uses,  the  eSoEj  and  other  agencies. 
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Mr.  Walgukn.  Mr.  MacKay. 

Mr.  MacKay.  Mr.  Chairman,  this  question  is  along  that  Same  line. 

Dr.  Knapp,  I  am  new  on  the  committee  and  I  am  operating  with 
some  minimal  knowledge  and  a  great  deal  of  presupposition.  I  had 
presupposed  that  NSF  had  as  one  of  its  primary  roles  the  task  o( 
seeing  to  it  that  research  went  forward  on  a  broad  base.  In  other 
wordSr  if  there  was  an  area  where  instrumentation  or  other  re- 
sources were  not  flowing  through  other  grant  sources,  you  were  ^ 
one  who  had  that  responsibility,  the  National  Science  Board  and 
your  agency. 

Now  is  that  a  proper  assumption''  If  you  do  not*  who  does? 
Dr.  Knapp.  The  National  Science  Board  and  National  Science 
Foundation  do  monitor  the  state  of  science,  and  we  do  comment 
about  areas  we  feel  need  support.  However,  NSF  has  no  function  to 
plan  other  agencies"  programs.  It  has  its  oiVn  program.  NSF  tries  to 
act  as  a  balance  wheel.  If  it  sees  an  area  that  tieeds  support"  NSF 
can  try  to  strengthen  it  with  its  own  programs,  but  the  Foundation 
does  not  presume  to  tell  other  departments  of  the  Governn^ent 
where  they  should  spend  their  money.  <^ 

In  areas  where  there  is  multiple  funding— I  think  multiple  fund- 
ing of  certain  kinds  of  science  is  valuable  to  this  country  because  it 
gives  scientists  more  than  one  try  at  their  best  idea— NSF  tries  to 
bring  real  problems  to  proper  attention.  The  Foundation  attempts 
through  joint  committees  to  obtain  balance  and  thorough  discus- 
sion. A  jointly  felt  need  is  filled  by  the  agencies  getting  together 
and  working  together. 

This  type  of  coordination  is  important  in  areas  as  they  Ijecome 
funded  by  multiple  sources  or  as  problems  develop. 

Mr.  WfAcKAV.  Therefore,  if  the  Department  of  Defense,  for  in- 
stance, was  funding  research  in  an  area,  you  would  feel  that  you 
could,  perhaps  back  off  in  that  area  and  go  into  other  areas  that 
^  were  being,  perhaps,  neglected  because  they  did  not  fit  into  some 
agency's  mission? 

Dr.  Knapp.  NSF's  first  responsibility  is  to  fund  the  basic  sci- 
ences that  do  not  necessarily  fit  into  some  agency's  mission,  NSF 
^  would  not  necessarily  back  ofT  so  long  as  it  had  good  programs,  but 
J   the  Foundation  wbuld  certainly  try  to  make  sure  that  the  science 
j   was  being  covered — for  the  country  s  well-being. 
I      Mr.  MacKav.  In  the  instrumentation  that  you  will  fund,  I  would 
assiJme  other  agencies'  budgets  may  also  fund  instrumentation,  as 
,'    ym  were  suggesting  with  DOE. 
f      Dr.  Knapp.  That  is  correct.       ,      ^  ^ 
f      Mr.  MacKav.  You  "would  also  take  that  intb  account.  ' 
f       What  Tam  worried  about  is,  I  would  hate  to  see  the  research 
;    effort  in  this  country  being  driven,  say,  by  the  defense  buildup,  and  * 
I  have  heard  some  obviously  biased  people  say  they  think  that  is 
happening." 

Dr.  Knapp.  NSF's  programs  are  almost  entirely  investigator-ir(iti- 
ated  and  peer-reviewed,  so  NSF's  budget  increase— a  mtyor  in* 
crease  for  basic  science— is  certainly  not  driven  by  a  particular 
mission.  It  is  driven  by  the  feeling  of  the  scientists  themselves  that 
they  are  investigating  areas  containing  new  knowledge  with  useful 
potential.  It  is  driven  by  the  desire  to  understand  the  basis  of  how  ^ 
nature  works.  , 
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Mr.  WALOKiiN/rhank  you*  Mr.  MacKay. 
Mr.  Valentine. 

Mr.  Valentine.  I  don't  have  any  questions.  Thank  you. 

Mr.  Walgren  Well,  on  behalf  of  the  committf«?,  thank  you  very 
much,  Dr  Knapp  We  will  continue  to  be  interested  in  your  prog- 
ress* and  we  want  to  drive  you  to  think  of  any  areas  that  need 
fixing  before  we  find  them,  literally. 

Dr.  Knapr  Thank  you. 

Mr  Walgren  Perhaps  we  v  !1  be  submitting  some  questions  to 
you  in  writing  for  the  record,  c^nd  we  do  appreciate  your  coopera- 
tion. 

The  next  panel  is  one  on  the  university  view  of  instrumentation, 
and  it  is  made  up  of  Dr.  Donald  i^ngenbeig,  the  chancellor  of  the 
University  of  Illinois  at  Chicago,  Dr  Alvin  Kwiram,  the  chairman 
of  the  Council  for  Chemical  Research,  and  Dr.  George  Olson,  who  is 
vice  president  for  research  at  Colotado  State  University,  if  those 
gentlemen  would  come  forward. 

I  understand  Dr.  Kwiram  pas  a  time  constraint,  and  we  would 
Utart  with  you  at  that^Mmi/Please  know  that  your  written  state- 
ment will  be  made  part  ofthe  record,  reproduced  in  full,  and  if  you 
would  like  to  summarize  your  rt?marks  we  certainly  would  appreci- 
ate that. 

Dr.  KwiRAM.  Would  you  like  me  to  begin,  then? 
Mr.  Walgren.  Yes,  please. 

STATKMKNT  OF  ALVIN  L.  KWIKAM,  aiAIKMAN*  COUNCIL  FOR 
CUEMIC  VL  RESKAKCIl,  INC,  AND  CHAIRMAN  OF  THE  DEPART- 
MENT OF  CHtiMlSTilY  OF  THE  UNIVERSITY  OV  WASHINGTON 

Dr  Kwiram  Mr.  Chairman,  members  of  the  committee,  I  am 
h^re  in  my  capacity  as  chairman  of  the  Council  for  Chemical 
search  The  written  statement  which  I  have  prepared  has  been  sub- 
mitted, and  I  am  going  to  try  to  1  ighlight,  in  the  limited  time 
available,  the  rather  novel  character  of  the  Council  for  Chemical 
Research;  try.  to  indicate  what  it  is  trying  to  accomplish;  and  then 
point  out  where  we  see  the  limitations,  and  the  kind  of  issues  that 
we  think  need  to  be  addressed. 

The  thriving  force  for  the  creation  of  the  Council  for  Chemical  Re- 
search was  industry*s  concern,  that  concern  focused  on  the  problem 
of  what  they  saw  as  some  signs  of  ill  health  on  the  part  of  the  basic 
research  enterprise  CCR  is  a  joint  effort  between  industries  and 
universities,  the  chemical  industry  in  particular.  At  the  present 
time  there  arc  something  like  40  corporate  mafiibers  and  over  130 
university  members  on  the  council. 

The  representatives  to  the  council  are  the  senior  technical  execu- 
tives,from  the  companies,  together  with  the  heads  of  graduate  de- 
partments of  chemistry  and  chemical  engineering  in  the  Nation. 
Just  to  give  you  some  sen^e  of  the  companies  involved  *here  is  an 
attachment  in  my  prepared  statement  which  shov^rs  LK^.t  these  40 
companies  had  total  sales  ror  1981  of  something  like  $400  billion. 

I  am  going  to  refer  i\i\s  collection  of  activities— chemistry, 
chemical  engineering,  industry— as  the  chemical  enterprise,  so  I  do 
not  have  to  make  a  distinction  each  time. 
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Let  mu  put  it  in  |?er8|)ective  just  a  bit.  The  chemical  enterpnse 
represents  roughly  15  to  20  percent  of  the  gross  national  prodjct. 
Equally  impressive,  it  contributed  something  like  $12  billion  last 
year  to  the  balance  of  trade. 

Now  one  of  the  questions  we  were  asked  to  address  is,  what 
impact  doeb  the  instrumentation  obsolescence  problem  in  the  uni 
versities  have  on  industry?  I  give  a  long  answer  in  my  prepared 
statements  let  me  give  a  short  one  here  Inadequate  instrumental 
tion  affects  both  the  training  of  students  and  the  research  produc- 
tivity. The  im/nediaie  consetjuence  of  that  is  a  decrease  in  the  inno- 
vative capacity  of  industty. 

I  think  that  is  a  very  important  consideration,  because  the  econo- 
my is  a  concern  for  all  of  us,  and  the  corporate  members  of  CCR 
have  felt  very  strongly— strongly  enough  to  create  CCR— that  this 
is  becoming  a  serious  problem  in  the  country. 

Let  me  give  you  another  example  of  the  impact  that  inadequate 
mstrumentation  has,  just  by  way  of  an  anecdote:  A  couple  of  years 
ago  we  tried  to  hire  a  truly  outstanding  young  woman  chemist  for 
our  faculty.  She  looked  at  our  instrumentation,  she  looked  at  what 
she  would  have  to  do  to  get  goings  and  then  she  went  to  Sandia. 
The  issue  was,  "You  just  don't  have  the  instrumentation  with 
which  I  think  I  can  carry  out  the  kind  of  research  I  want  to  do.*' 

What  \b  industry  doing  about  this  particular  problem  if  it  feels  it 
is  so  important?  One  thing  it  has  done  is  to  create  CCR,  which  I 
think  is  a  rather  remarkable  thing  in  itself  The  approach  is  to  ad- 
dress the  problem  of  the  basic  research  enterprise  systematically 
and  cooperatively  by  involving  the  two  major  parties— academe 
and  industry. 

Before  I  describe  what  CCR  is  doing,  I  should  make  just  a  state- 
ment about  the  magnitude  of  the  instrumentation  problem  It  has 
been  stated  here  already  b>  Dr.  Knapp,  that  the  instrumentation 
shortfall  is  something  like  $2  to  $4  billion.  This  suggests  that,  at  a 
minimum*  something  like  $20Q  million  needs  to  go  mto  the  instru* 
mentation  program  on  a  constant  basis  simply  to  maintain  the  in- 
ventory—above and  beyond  renewal  costs^because  modern  instru- 
mentation has  a  lifetime  of  only  about  5  ^ears  before  it  is  obso- 
lete—not because  it  is  worn  out  but  because  it  is  technologically  ob* 
solete. 

Now  how  does  that  relate  to  lyhat  has  happened  in  the  last  few 
years,  in  fact?  In  chemistry,  which  is  the  area  that  I  am  most  fa- 
miliar with,  it  took  about  $10,000  to  get  a  new  faculty  member 
started  in  1970.  In  addition,  he  had  to  have  access  to  something 
like  $100,000  of  pooled  di^partmentat  equipment;  that  is>  large 
eouipment  items.  ; 

By  contrast,  I  just  made  an  offpr  2  weeks  ago  to  a  new  faculty 
member  in  an  area  where  it  is  hard^to  get  facultjr  members.  I 
might  note  that  I  just  saw  the  bill  that  was  passed  in  the  House 
with  regard  to  the  matching  program^  where  part  of  the  proposed 
support  was  restricted  to  engineersL  I  assure  you  that  hiring  ana- 
lytical chemists  i**  every  bit  as  seriQUs  a  probfem  as  for  engineers, 
which  is  certainly  a  serious  probleir^.  Huwever*  the  offer  I  made — 
which  was  stretching  to  the  absolute  limit  at  this  point  in 
time— was  $150,000  in  stan^ip  monei  for  this  faculty  member.  He 
turned  us  down.  \ ' 
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Todny's  faculty  nicnibtT  needs  access  to  at  least  ?1  million  of 
shared  instriinicntation  Tin*  increabc*  hab  been  a  factor  of  10  in  the 
last  decade.  That  is  much  higher  than  the  CPI  would  suggest. 
Chemistry  is  no  longer  a  question  of  test  tubes^  beakers*  and 
bunsen  burners  Dr  Knapp  mentioned  NMR^  nuclear  magnetic  res- 
onance, an  absolutely  essential  tool  for  the  modern  synthetic  chem- 
ist He  cannot  function  without  it,  not  productively,  at  least.  What 
is  the  cost'>  It  is  $150,000  to  $(;00,000,  depending  on  the  capability. 

No^v,  how  important  is  this?  Again,  let  me  cit^*  an  example  from 
our  own  experience.  We  hired  a  faculty  member  about  2  years  ago. 
Hp  thought  it  would  take  him  .i.years  to  aolve  a  particular  problem 
having  to  do  with  DNA  properties.  We  were  fortunate  to  be  able  to 
get  one  of  these  sophisticated  N^^R  instruments,  and  that  problem 
can  now  be  solved  in  2  weeks,  r 

In  other  words,  these  kinds  of  instruments  are  enormously  cost 
effective  due*  to  the  greatly  increased  productivity,  and  they  are  ab- 
solutely essential  elements  in  toda>  s  fierce  international  competi- 
tion  for  high  tei^hnology  products  and  markets.  That  is  the  view  of 
the  corporate  members  of  CCR.  In  fact,  the  CCR  board  at  its  Febru- 
ary  meeting  endorsed  a  recommendation  from  one  of  the  standing 
commjtteos  that  the  problem  of  instrumentation  obsolescence 
should  be  one  of  CCR's  highest  priorities. 

Well,  let's  go  back  to  the  question  of  what  the  companies  are 
doing  about  it,  in  general  I  must  say  that  when  CCR  started  about 
2  years  ago,  there  was  a  great  deal  of  enthusiasm  that  finally  in- 
dustry  and  academe  were  talking  on  a  broad-scale  basis  about 
common  problems.  We  had  great  visions  that  there  would  be  niil- 
lions  and  millions  of  dollars  fiowing  into  the  academic  enterprise 
by  this  means  Even  some  of  our  corporate  members  had  that  kind 
of  enthusiasm. 

Well,  that  has  not  quite  developed.  The  support  for  higher  educa- 
tion  by  the  chemical  companies  had  been  excellent.  In  fact,  I  think 
I  could  advance  information  that  would  suggest  it  is  probably  about 
twice  as  good  as  the  average  for  other  industries. 

However,  in  a  survey  carried  out  in  1981  by  CCR,  we  found  that 
the  base  level  giving  by  the  chemical  industry  to  chemistry  and 
chemical  engineering  departments  alone  was  some  $20  million. 
That  is  about  10  percent  of  the  Federal  support  for  basic  research 
in  these  areas. 

Let's  say^  we  could  double  that  number,  and  lets  say  that  as 
much  as  25  percent  of  it  could  go  for  instrumentation,  which  may 
be  a  bit  high  because  there  are  so  many  other  needs  that  industrial 
funds  serve  That  means  you  have  about  a  $5  million  increase  for 
instrumentation,  which  is  less  than  o  percent  of  the  problem  we 
are  talking  about  Therefore,  the  corporate  and  academic  members 
qujckly  came  to  the  realization  that  industry  could  do  something. 
It  could  do  something  important,  but  it  simply  could  not  solve  the 
entire  |»roblem. 

Despite  that,  CCR  has  done  a  lot  in  the  last  year,  in  my  opinion, 
and  I  can  applaud  them  because  I  am  not  an  industry  person.  CCR 
member  companies  layt  year  increased  their  contributions  by 
roughly  $5  million  to  jhemibtry  and  chemical  engineering  depart- 
ments alone.  I  think  that  is  quite  remarkable  in  view  of  the  state 
of  the  economy  We  would  like  to  raise  that  number  to  about  $10 
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mtlliOTi  oiiLH'  Ok-  rriarj^in^  improve  a  bit,  but  the  bottom  line 

IS  that  It  lb  ver>  uiiliki-l>  ihut  industry  is  goinj^  to  be  able  to  solve 
the  problem. 

Well  given  this  unpleasant  reality,  OCR,  the  board,  and  its  com- 
mitteeb,  Iiav^  beriouslj  begun  to  address  this  problem  and  to  try  to 
analyze  how  thib  could  be  approached.  I  have  outlined  some  of  the 
ideas  that  have  bet^ii  explored  in  my  written  statement.  They  all 
have  some  attractive  features  but  many  of  them  have  drawbacks. 

We  have  talked  about  the  matching  program.  We  find  that  an 
attractive  possibility.  It  wab  mentioned  here  earlier  in  the  discus- 
sion with  Dr.  Knapp.  We  have  given  that  some  thought;  we  are 
still  exploring  it  further,  but  the  logistics  are  cumbersome.  It  is 
regally  kind  of  complicated  to  bring  together  independent  company 
executive^  with  the  individuals  from  the  universities,  brokered  by 
the  NSF.  To  try  to  merge  the  interests  of  some  40  or  80  companies 
IS  not  easy.  1  think  it  might  be  easier  in  the  area  of  computer  sci- 
ences, where  there  are  a  more  limited  number  of  actors, 

Howeven  one  of  the  problems  with  chemical  companies  js  that 
cliL^nncal  conlpanie^  do  not  make  equipment.  That  is  not  their  busi- 
ness. And  although  many  of  the  chemical  companies  do  donate 
equipment,  Ubed  L-quipment,  that  is  not  state-of-the-art  equipment. 
Universities  really  appreciate  receiving  such  equipment,  but  it  is 
usually  or  more  yearb  old.  The  reason  they  are  donating  it  is  be- 
cause they  have  no  use  lor  it  any  longer,  and  that  is  kind  of  ironic 
if  we  are  talking  about  training  people  on  state*of-the-art  instru- 
mentation so  that  they  can  go  and  increase  the  innovative  capacity 
of  industry. 

However,  the  matching  program  h  one  that  we  find  attractive. 
We  have  a  particular  kind  of  suggestion  as  to  how  that  might  be 
done,  It  has  not  been  (uMy  explored  but  it  is  illustrative  of  the  kind 
of  thing  that  CCR  is  certainly  very  interested  in. 

A  set-aside  program  is  another  thing,  with  regard  to  the  targeted 
R&D  program  of  this  Nation,  that  seems  to  be  sustained  by  both 
conipellmE^  an^unients  and  is  of  a  magnitude  that  would  be  realis- 
tic. I  would  like  to  reiterate  what  was  said  earlier  by  Dr.  Knapp* 
namely,  that  a  one-shot  infusion  is  not  going  to  solve  this  problem. 
Instrumentation  wilt  continue  to  deteriorate,  and  we  have  to  con- 
tinue to  replace  it.  It  is  Jike  maintenance  on  a  house,  or  a  more 
recent  and  palpable  example  is  that  of  our  deteriorating  transpor- 
tation infr,ibtructure  such  our  roads  and  bridges.  We  found  what 
happened  when  we  ne^ilected  tliat  problem  over  an  extended  period 
of  time. 

in  conclusion,  I  think  the  instrumentation  obsolesence  problems 
have  Deen  documented  and  studied  and  the  issues  are  clear.  There 
IS  not  going  to  be  a  magic  solution.  No  3-year  program  is  going  to 
be  adequate.  The  commitment  must  be  strong  and,  more  impor- 
tantly, the  commitment  must  be  permanent. 

I^t  me  emphasize  in  that  the  chemical  enterprise  is  an  extreme- 
ly important  factor  in  the  economic  equation  for  this  country.  The 
corporate  members  of  CCR  feel  strongly  that  a  strongs  basic  re- 
search program  m  the  universities  is  essential  if  the  companies  are 
to  be  efTective  in  their  own  R&D  efforts. 

Therefore,  on  behalf  of  CCR  I  would  like  to  urge  that  this  com- 
mittee act  with  foresight  in  tackling  the  problem  of  our  aging  and 
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obsolete  mstrunioritation,  r  think  the  kinds  of  things  that  have 
been  done  already  are  very  positive,  and  we  are  very  appreciative 
of  that.  We  would  just  like  to  suggest  that  maybe  another  zero  be 
added  to  the  NSF  allocation  for  equipment.  That  would  begin  to 
get  into  the  ball  park  of  the  kind  of  need  we  see. 

From  the  point  of  view  of  the  chemical  community  and  the 
chemical  ent^^rprise,  we  would  like  to  urge  t^at  you  take  increas- 
ingly positive  action  before  it  is  also  too  late  for  the  chemical  in- 
dustry. 

Thank  yoU. 

[The  prepared  statement  ofDn  Kwiram  follows:} 
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Kuth  1$B3 


IHTRDOUCTIOW 


Hr.  Chairman  ^nd  oiembexs  of  tho  Ccs^lttee.  Ky  name  Alvin 
h*  Kwiran.  I  ^  Chaix«an  of  the  counoil  fox  Cheulc^  Research  and  aja 
eulMttttting  thi&  ^tateinent  in  that  capacity.  I  dn  also  ch&i*^n  cf  the 
DepartD»n^  o£  Cheoistxy  at  th«  Unlv^xsity  of  Washington  in  Seattle 
Kr*  Janes  KcEvoy^  The  Executive  Olxectox  of  CCR,  is  also  hflxe  with  me 
today.  ' 

I  an  pleaijed  t'^  havd  this  oppoxtunity  to  xeptesent  the  vievs  of  the 
Council  fox  Chemicai  Research  befoxe  thl£f  Committee.*  The  Council  fox 
7}>?!!:'.cal  RAseaxch  was  in^o^pcxat^d  jast  ovex  two  yeaxd  ago  as  a  non-pxofit 
or9anlzation>  CCR  has  a  ineitdi>ex5hip  of  135  V^S*  unlvexsitles  (virtually 
all  th^  xdsearch  universities)  and  40  chemical  companies^  and  19  still 
gxowlng.  CCR  is  a  unique  ox9anization  because  it  is  a  ^oint  effort  by 
0.»S. -based  companies  and  unlvexsities  to  Promote  the  health  cf  the 
chemical  sciences^  engineexin?/  and  technoIc>9y  in  this  countcy.*  i  shrill 
xefex  to  this  collection  of  activities  ^  the  chemical  entexpxise* 

CCA  bxlngs  t^ethex  the  seniox  technical  executivos  ^f  the  meidbex 
ccnpanj^s  and  the  depaxtment  heads  of  the  gxaduate  chemj^tcy  and  chemical 
en^ineexing  depaxtmenta  In  the  nation.  One  of  the  Qbjectj.vea  of  CCR  is  to 
impxove  cooP<>xatlon  and  c<3taiau  meat  Ion  3i>etween  j.ndustxial  and  acadeoic 
scientists  in  ordex  to  stlaulate  cxeativirty  and  to  speed  up  technology 
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transfer.  AiiottM^r  of  tho  PriAu^r/  (Jbjectlvea  of  CCR  Is  to  enJiance  the 
«nTi teniae nt  for  lisiffic  re9e«ir(^«  This  is  recognised  as  an  absolute 
necessity  fox  the  long  tem  econocdc  vitality  of  the  industry  ^n  this 
country.  The  driving  force  fyi  the  creation  of  CCR  in  1981  was  industry's 
concern  that  the  basic  res&arch  enterprise  v&s  shoving  si9ns  of  ill 
health. 

Let  iD«  try  to  put  the  chemical  .ont<^rPriae  into  perspective.  In 
Table  I  1  Xlst  the  corporate  mennbers  of  CCR.    Their  sales  fi9ures  alone 
for    19^1  total    a  sta^gerin?  3375  billion.     The  total  salee   fox  aJ-l  ) 
chemical-related  companies   are  estiz3ate<I  variously  to  comprise  roughly 
15-20%  of  the  Cross  National  Product  of  the  U.S. 

Soi3«  21/000  Fhl>-level  ch^Rusts  are  etoployed  in  u.S*  industry  and  th« 
total  nwabor  of  chemists  and  chemical  engineers  is  greater  than  200»000.» 
Another  Important  factor  X  wish  to  call  to  your  attention  is  the 
contriliution  of  the  chemical  enterprise  to  our  lia lance  of  payments 
fi9ured.  Por  i9eo  (the  latest  fi9ures  Which  I  bad  available)  chemicals 
and  chemical  Product?  contributed  over  12  billion  dollars  to  oux  trade 
balance,  a  figure  exceeded  only  liy  "Btachinery  and  transportation 
equiptnent**  on  the  positive  side  of  the  led9er. 

In  short,  the  chemical  enterprise  plays  a  malor  and  critical  role  in 
the  economic  prosperity  of  this  nation.  Its  continued  health  and  vitality 
is  a  subject  worthy  of  careful  con gide ratio n . 

In  the  remainder  of  my  presentation  I  will  provide  a  brief  overview 
of  the  problen  of  instrumentation  obsolescence  and  its  impact,  present  the 
concerns  of  CCR  on  the  subject,  provide  a  fet/  examples  of  what  some  Celt 
member  copipanies  are  currently  doin?  and  can  be  expected  to  do  in  thxg 
area,  and  then  briefly  outline  some  possible  options.  After  my 
presentation^  Dr.  Gerald  Hantell  from  Air  Products  and  Chemicals  will 
provide  specific  exainples  of  one  company's  activities  and  views  on  this 
ittatter  * 
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OVUrHVIEW  OF  THE  PROBLEH 


The  focus  of  this  hearin9  is  the  problept  i:>£  instrumentation 
obsolescence  in  university  laboratories.  Why  should  industry  be  concerned 
About  this?  B^cau^o  the  development  of  new  products  for  the  marketplace 
depeiKjs  ultimately  on  progress   in  basic  research .     Host   of  the  badic 


tttist  be  vl9oxou»  and  efficient'  Equally  In^rtantf  the  universities  train 
the  students  which  drive  the  intellectual  wheels  (^f  industry,  in  the 
responses  we  soli(?it<}d  froa  jbeiaber  co^^panies  the  xv^rtant  role  of 
students  trained  in  advance  up-to-date  nisthods  of  loeasurement,  analysis 
and  interpretation  was  repeatedly  einphasized^  Robert  Hefner  from  Dov 
states 

^sonv^tl^s  the  formal  training  of  stitdents  id  seen  to  be 
sufficiently  inadequate  bo  as  to  actually  limit  their  beiTig  hired 
into  more  sophisticated  R  a  D  operations^  Often  the  theory  being 
taught  is  either  misunderstood  or  not  understood  because  of  the 
Inability  to  demonstrate  by  practice^  This  has  been  Known  to  result 
in  significant  inefficiencies  and/or  errors  in  reseatch  projects*** 

In  other  vords^  the  roots  of  a  thriving  industrial  or^aniflm  must  be 
firmly  lodged  m  the  college  and  urtiversity  laboratorj.e3  of  this  country.* 
The  health  of  the  industry  is  only  ae  good  as  the  quality  of  the  nutrients 
it  feeds  on-  State-of-the-art  instrumentation  is  a  critical  <fomPOnsnt  in 
that  research  environment.  Today  the  availability  of  these  important 
tools  is  far  too  limit«d«  This  has  been  borne  out  in  nuA^rous  studies 
(1,2)  and  articles.*  ' 

the  tiatioiuUL  conmisaion  on  Research  ptiblished  a  report  m  Kay>  1980 
entitled  ''Funding  Hechanistwt  balancing  Objectives  ^nd  Resources  in 
university  ItesearCh**.  Of  their  nine  reconanendations,  Uie  first  deals  with 
''Equipment    Obsolescence"*.      They    xirge    pronpt    action    to    reverse  the 


research  in  this  country  is  carried  out  in  universities Therefore^  if 
industry  is  to  grow  and  remain  competitive,  the  basic  research  enterprise 
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deteriorating  research  equipoent  ti»ituatiQn  '*.t.if  the  American  research 
enterprxse  is  to  remain  efficient  And  competitive  internationally.** 

In  June  of  the  same  year  the  Association  ^f  An^rican  t7niversities 
polished  a  report  suXitiLitted  to  the  HationAl  Science  Foundation  entitled 
scientific  Indtrunentation  Heeds  of  Research  Universities".  This  was 
an  extensive  study  which  involved  interviews  with  some  80  depftrtment  heads 
and  over  300  researchers  and  leaearch  administrators  in  universities^ 
governmnt    and   coisne^ciai    iaix>ratorie8    in   5    fields   of    science  and 

engineerin9.     In  July  I9ai  the  aaU  published  a  second  report*  this  one  —  - 

entitled  "The  nation's  Deteriorating  University  Keeeaxch  Facilities.** 
These  excellent  docupiente  address  Aost  of  the  salient  points  in  this 
matter.  AljK>et  exactly  a  year  ago  Professor  <^rge  Pimentel  stibmltted 
written  teatiinony  ( 3 )  to  thie  comiDittee  in  which  he  docuinented  the  need  in 
eome  detail  frOQ  the  viewpoint  of  the  universities.  That  information  is 
equally  valid  today.  I  ao«ume  this  material  is  avaiiaJt^le  to  the  " 
Conmuttee.  The  conclusions  reached  in  all  these  studies  axe  the  sa^~-the 
acadsnic  research  enterprise  is  aufferin9  severe  erosion  due  to  the 
accelerating  ct>aoie licence  of  research  instrumentation.*  Dr.  George  A.* 
Keyvorth^  President  Reagan'^  science  adviser^  has  de^criJbed  this  Situation 
as  **.. .disgraceful  and  deplorable." 

THE  SlomTIOH  IH  THE  CH£KI<3^  SCIEKCES  JUID  EKGIHEERIHQ  ^ 

£  wi«h  to  reiterate  3ust  two  points  emphasised  repeatedly  in  all 
these  reports^  First*  the  AAU  report  of  1900  cornpares  the  a^e  of  research 
instruments  in  universities  and  in  industry.  It  statesi  '*It  is  a  telling 
fact  that  the  instrumentation  used  xri  the  top-xanked  universities  has  a 
median  ag^  twice  that  of  the  instrumentation  available  to  leading 
industrial  research  laboratories^"  Kore  troublesomei  the  difference  in 
median  age  is  about  the  same  as  the  average  lifetime  of  much  scientific 
equipment,  in  other  words^  the  majority  of  students  are  trained  or  do 
research  on  technologically  obsolete  instruments  (obsolete  not  in  the 
sense  that  they  are  worn  Out**aithough  some  are— but  in  the  sen^e  that 
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th»y  h^ve  been    fluP<>rfl<dod  by  new  mathodnr    nev  approaches).  This 
especially  significant  since  universities  Az^  e;cP^ct«d  to  prwide  Students 
vith    the    ^vanced    tr^nin?    and    research    aXXlls    necessary    to  ^«^P 
industriso    renain    c^n^titive.      (The    Situation    in    the  undftrgraduttte 
teaching  labor^toriee  is  even  wrso  than  m  the  raeearch  lab<Mratcries. ) 

A  second  point  deala  with  ^he  rapid  escalation  in  the  capitalization 
cost  for  icistrumentation.  The  roP<^rt  shows  that  capitalization  costs 
doubled  over  a  five  Y^ar  period  for  a  major  Industrie  tesearch.^___^ 
Idboratoty.  That  ptobleia  is  significantly  Greater  for  chemistry.  The 
reP<^rt  qivus  figure*  for  the  costs  of  setting  up  a  new  faculty  member  in 
Chemistry  in  i97o  and  roughly  10  years  later.  In  1970  they  show  A  figure 
«f  $8000^  in  1979  it  had  risen  to  nearly  545^000^  greater  than  ^  fivefold 
increartOT  Today  that  number  le  even  higher.  Equally  inportant^  that  Bmi> 
faculty  oember  in  1970  required  access  en  a  fairly  routine  1>asis  to  a 
central  peel  of  departmentzJ.  equipment  costing  roughly  $ll&,ooO.  Today 
that  faculty  inernber  must  have  access  to  equiPti^nt  costing  roughly 
5750f000f  nearly  a  seveh^fold  inCreaes. 

That  factor  taay  seen  less  exhorbltant  if  Y^^  compare  it  to  .  the 
recent  escalations  in  the  cost  of  miXit^ir^^h^dvare.  The  tools  required 
for  chemical  sciences  are  no  less  sophisticated  than  those  used  in  aodern 
methods  of  defense.  After  alli  the  chemical  enterprise  is  an  integral 
part  of  the  high  technology  enterprise,  indeed^  l>avid  Boehotf  the  Harvard 
sociologists  has  referred  to  chemistry  as  the  first  of  the  high  technology 
enterprises.  The  foundation  of  all  high  technolo^  is  measurement.*  That 
is  why  instrunentation  ie  Such  ^  critical  need.  Modern  cheioistty  and 
chemical  engineering  SimPiy  cannot  be  done  without  nodern  measureiaent 
tools 

over  the  past  decade  or  two  tliere  literally  has  be^n  ^  revolution  In 
the   technological  sophistication   of   the    tools   necessary    in   chemical  ^ 
research.     It  is  no  longer  simply  a  matter  of  be^ers^   test  tubes  and 
bunsen  burners.     Today  nuclear  magnetic  resonance  (nhr)        ^  routine  and 
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absolutoly  eo««ntuil  tool  for  the  synthetic  organic  or  inorganic  chepxi^t. 
The  prica  t&9  for  thie  tool  ranges  iiosx  ^iSOfOOO  -  ^600^000  depending  on 
the  capabilities  of  the  instrument.  Hordover^  2  or  3  Of  these  etay  be 
nesdsd  for  different  tasks  eac^  etajor  [^search  university.  Similarly > 
the  aynthetic  chemst  needs  a  mass  spectrometer  or  two  which  can  cost  from 
^lOOfOOO  -  $350  f  000.  These  are  toois  the  rodearch  c^einist  ciiuet  use 
virtnaiiy  Overy  day. 

There  are  other  factors  which  have  dramatically  aJt-A^ed  the  ressarch 
environment  in  recCnt  years  that  go  far  beyond  the  general  deterioration 
dns  to  inadequate  resources.  Some  of  these  factors  include  the 
increasingly  stringent  requirements  for  limiting  the  exposure  to 
chenicals.  Today  virtually  all  chemical  reactions  miust  carried  out  in 
t^w  and  carefully  pionitored  fume  hoods.  Simxiaxlyf  in  our  search  for 
^ontamii^ts  1^  all  contejcts  we  now  require  expensive  clean  cooms  and  cold 
rooma^  and  special  rooms  to  contain  potential  carcinogens.  Rarely  are 
provisions  etade  for  the  purchase  of  such  facilities.* 

In  addition  to  the  cost  of  the  instrumentation  itself^  (which  in 
many  cases  becooies  part  of  a  central  facility  shared  by  loany  researchers) 
attention  must  also  be  given  to  replacement  costs^  the  costs  of 
saintOnancef  and  support  for  adequately  trained  operations  personnel. 
Giv^n  the  l^ge  investment  in  these  facilities  it  xb  iiaP^rative  that  they 
be  kePt  in  excellent  operating  condition  so  they  ctin  be  efficiently  used 
around  the  clock. 

Another  important  factor  in  the  Instrumentation  revolution  is  the 
computer  which  has  provided  productivity  enhancements  which  are  ^ust  as 
great  for  chemical  research  as  ^hey  are  for  other  sectors  of  the  economy. 
The  recent  broad-sc^ile  introduction  of  aucroprocessorr  j.>s  rendered  entire 
claseeo  itiatru mentation  instantly  obsolete  via  the  co^wersion  from 
analog  to  digital  dat^  collection^  pro<:essin?  and  manipulation.  This 
transfoneation  i^  taxing  Place  right  now  but  the  resources  to  acquire  the 
new  ind  a»uch  more  powerful  tools  are  woefully  inadequate. 
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As  Dr.  James  Porter  of  l  .jcon  point3  outi  sciontific  equipnient 
manufacturers  investing  nOUly  I5\  q£  their  total  sales  in  R  &  D. 

They  deserve  our  applause  f^z  the  reraar):at>le  progress  they  h^ve  mada  in 
instrumentation  developDent>  Xndeedi  they  are  presenting  the  iunerlcan 
tih^mical  enterprise  with  an  enonoous  opportunity  to  9ain  d  significant 
coinpetitive  ^vantage  if  we  act  decisively  and  i^e  thesa  tools  available 
to  our  research  comnunity.  It  represents  ^  highly  cost-effective 
investtnent  in  ^nng  of  greatly  incLcased  produ(;tivlty  4nd  the  opportunity 
to  naXe  draniatic  strides  in  R  £  D. 

Lot  me  emphaaife  again  that  the  chemical  sciences  in  the  eighties 
represent  a  truly  high  technology  enterprise >  The  changes  in  methodology 
over  the  last  decade  or  so  have  been  dramatic.  I  would  liXe  to  take  the 
liberty  of  illustrating  the  impact  of  this  change  by  one  example  from  joy 
own  dePAftmont.  R^u^hly  two  years  a9o  we  hired  a^new  faculty  nember  whose 
research  involves  the  chemistry  o£  nucleic  jicids  (DiHA  and  RHA)  which  Are 
at  the  heart  of  the  current  biotechnology  revolution.  Ue  anticipated  &t 
the  time  that  it  would  require  two-three  years  of  laborious »  Synthetic 
chemical  worX  to  establish  certain  pxoP^rties  of  these  molecules>  By  a 
stroke  of  good  fortune  we  were  able  to  acquire  one  of  those  very  ej^nsive 
Instru^nts  I  referred  to  earlier >  To  his  delight  and  surprise  he 
discovered  that  this  new  state-of-the-art  NHR  instrtiment  had  ]ust  enough 
sensitivity  to  answer  the  furu^amental  questions  he  was  asXin9  in  }ust  two 
weeks  rather  than  two  years>  That>  in  turn^  has  led  to  sone  dramatic 
pcogrcas  in  the  chemical  synthesis  and  study  of  synthetic  DHA  fragments. 

There  are  at  least  two  in^rtant  leseons  to  b«  extracted  from  this 
examples  first^r  productivity  is  critically  dependent  on  the  quality  of 
the  research  tools.  seconds  when  we  talX  about  an  area  au(A  as 
biotechnology'  whJt(A  today  represents  an  arena  of  intense  international 
competitJton  because  of  its  commercial  potentials  the  importance  of  heving 
the  necessary  tools  to  do  forefront  research  efficiently  becomes  a 
national  economic  priority> 
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TO  suinnftrlzd  thia  overview  of  tho  problem  we  f«-emphaslze  thr^e 
points t 

I*       Ther«         been  ^  dr^undtlc  revolution  lit  th«  kind  of  lnotruaente 

necessary  for  chandc^l  reeeatdhi     The  cost  increased  tieatly 

ten'fold  In  about  a  deceids* 
2^       The  nAtlon*e  acadeiaic  lAboratorieo,  are  fallln9  beH>nd,  In  terete  of 

state-of-the-art    facilities,    arra'^thls    is    cr^atlng^  ?tivlty 

pr^leais  ae  documented  by  several  studies^ 
3*       Support  Id  Also  eseential  for  maintOnancQ  And  support  stcff  for  this 

advanced  and  diverse  uray  of  instrumentation^  and 
4i      Continuing    failure    to    respond    adequately    to    this  unlverealiy 

recognized     Problem     will     conj^lnue     to     erode     our  research 

cojnpetitiv^ness  in  the  short  tern  and  our  sconontlc  vitality  in  tho 

liAig  tern* 

/ 

/  THE  ROLE  OF  THE  CSEKICAL  INDUSTRY 


HOW  large 'is  the  need  for  in  St  rumen  tat  ion?  Is  this  a  Prot>lest  for 
the  Private  sector  to  solve?  His  ne^d  Is  surely  greater  than  a  billion 
dollars  for  all  the  science  and  engineering  disciplines .  Cetimates  of 
72-4  billion  have  been  advanced,  Last  year  the'  DOD  announced  a  ^30  H 
program  for  instrumentation  ained  Prlioaxiiy  at  thos^  engaged  in  research 
of  Interest  to  the  agencies.  E>espite  a  relatively  short  deadline^  they 
received  nearly  3,000  propocrals  requesting  a  total  of  roughly  $3/4 
biXlioni  Even  if  one  assuaies  that  not  all  of  that  equipioent  la  crucial, 
the  nuii^rs  theoseXves  are  compelling^*  (At  the  very  leaet  ^.t  ohowa  that 
there  t^re  thousands  of  faculty  members  out  thero  concerned  enough  to  give 
up  a  couple  of  veekG  of  precious  tinie  to  Put  together  a  proposal.) 
Professor  Pinentel  u^ed  an  alternative  anaiyaas  to  arrive  at  a  figure  of 
roughly  $so  million  per  year  for  Chemistry  alone*  rf  equiptoent  needs  m 
the  intertnediate  price  range  <^0,OOD  -  «eoo,000)  are  added  for  other 
disciplines  as  wellf  then  an  annual  figure  of  over  S200  million  le 
reached . 
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L«t  a»  turn  briefly  to  th«  i^nce^no  of  the  chemicdl  industry  in  this 
context*  One  o£  the  major  atandinS  coiamitte&a  o£  the  Council  For  Cheoical 
Rfitearch'  chaired  by  Robert  Hefner  of  E>w  chemicals  identified  the 
instrMoenta^rion  problem  in  universities  ^3  gn«  of  its  highest  prioritiea* 
The  concern  on  the  pArt  of  industry  that  the  universities'  research 
l^s  are  not  worki:i9  vith  etate-of -the-art  facilities.  This  hSis  serious 
consequences  fron  the  industry  point  of  viev*  is  au(]9(}93ted  earlier*  The 
fiet  reault  is  a  decrease  of  the  innovattvb  capacity  of  industry,  indeed,  I 
thirUc  It  IS  fair  to  say  that  one  of  the  priioary  motives  for  the  creation 
of  th«  Council  for  Chemical  Research  was  the  re^gnition  that  unle&d 
industry  9ive  these  issues  serious  ^ittention^  th^  econoifiTic  vi9or  of  the 
cheoucal  industry  could  be  Seriously  jeopardized.  This  is  a  matter  of 
great  concern  to  the  meinibers  of  CCR.. 

The  chesiical  industry  haa  an  excellent  record  of  supporting  hight^r 
education  and  these  contributions  cover  a  very  vide  dP^ctrum  of 
disvipiinea  atvd  objectives*  A  year  a90f  Professor  Judsrn  KinU  carried  out 
a  survey  on  behalf  of  CCR  vhicb  Showed  that  about  S2o  million  a  year 
Uxcludin9  contracts }  wa«  going  :ipecif  ically  to  chemistry  and  (jhemxcal 
engineering  departnents*  Thjiti  represents  roughly  io%  of  the  total  support 
for  basic  research  in  these  fields  provided  by  the  federal  ^overnntent* 
The  corporate  aeabers  of  CCR  have  indicated  that  ^t  wo^ia  be  unrealistic 
to  thiiJc  that  thxs  aiPOkxnt  could  be  increased  dramatically.  I*i  other  worda 
even  increased  corporate  support  for  basic  research  xn  the  chenical 
sciences  rannot  b<i  viewed  as  an  alternative  to  increased  governiaent 
aupport  of  basic  reoeach  in  thia  arena*  Meverthele^^a,  because  of  their 
■  trong  cDncern*  CCR  mentber  companies  committed  neaiiy  55  million  last  year 
in  nev  noney  {xn  dddxtion  to  the  520  mxllion  or  so)  to  be  granted  to 
university  researchers  m  the  chemical  sciences  and  engineering^  However> 
nany  othnr  probleEos^  besides  instrumentation^  vhxch  are  not  adequately 
aupfK>rted  by  federal  fun«ls  also  clamor  for  attention—lho  nee*l  for 
unrestiicted  funds,  for  fundi*  t<-  help  nev  faculty  get  started*  to  make 
te^i^hin^  careers  in  s^^ience  and  engj^neering  riore  a^ttracive^  as  well  as 
funds  fo^  supplies*   for   fellowships*   for  support  Personnel*   and  so  ^n* 
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ThixSf  tho  goncluoion  ^9  that  industry^  hov«v«r  concerned  ccunnitteil, 
3jJ>ply    19    no^    in    a   position    to  a   Gigntflcant    l]:ip4ct    an  the 

in>t rxiKt) ntat lo n  problett  ■ 

Dr.  Kantell  will  giv«  ^oma  exua^lOG  later  to  illustrate  what  Air 
Pro<3ucto  IS  dain9  within  this  context.  Th^ir  efforts  are  fairly  typical 
of  what  a  nujKl>«r  of  oth^r  CCH  complies  are  dolng^  Although  such  efforts 
by  Industry  are  linportant  and  very  much  appreciated  by  the  universities 
the  icapact  is  sctall  compared  to  the  need>  It  xb  important  tJ  keep  the 
laatter  in  perspective^  ^ 

How  could  the  situation  be  miproved?  By  way  of  illustration  E  would 
liJie  to  outline  a  few  approadies  that  have  been  su9gested  m  various 
^uartertr  and  considered  by  CCR.  CCR  has  been  in  contact  with  05TP  ^j^^i 
vttioi  biancfies  ^f  governments  and  we  will  continue  to  refine  and  recoinmend 
these  and  other  approaches.  ' 


S0GGES7ED  HESPOtlSES  TO  TOE  IM6TRUKEHTATI0H  PKDfilfK  i  ^ 

i 

I 

1  Universities  should  engage  m  more  debt- financing  to  acquire  maior 
instruroenta.  This  is  an  approach  that  can  be  very  valuable  in  selected 
cases/  but  it  uust  be  kep^  clearly  in  aund  that  it  doesn't  create  any  new 
funding.  It  sjunply  provides  a  mechanisa  for  diverting  the  funds  normally 
allocated  for  operations  and  personnel.  Thus^  it  does  not  deal  with  the 
underlying  problem,  in  thj.s  case  the  approadi  in  tfie  university  sta^s  m 
sharp  contrast  to  that  in  industry  for  quite  sensible  reasons.  A  company 
will  en^A^e  in  deb^  financing  because  an  acquisition  now  can  lead  to 
greater  profits  later  with  which  to  pay  the  debt- .  It  can  ^^o  tafce 
advantage  of  taj(  benefits.  Universities^  on  the  other  hand^  can  heJrdly  be 
^^^nsldered  profit  centers.  Recently^  OM^  circular  h-Zl  has  been  |A»ende^i 
to  permit  interest  P^yaients  from  grants.  That  will  help,  tlevertheless^ 
de^  financing  is  not  &  universal  solution  the  universities.)  Under 
special  circumstances  it  can  be  used  effectively^  and  this  approach^  should 
certainly  be  evaluated  further. 

11 
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2  r  cheaical  compaftieo  ahoW^i  j<jnato  awie  equipment  t.i  cqmpflfent  funds  to 
univerjJitiefl.  As  I  have  tioted^cax liex  m^ny  corporations  have  an  ongoing 
program  of  e^^uiPntent  donations >h  but  ev^n  ^f  such  contributions  were 
doubled^  ieat^  than  of  the  pcg^lem  would  be  addressed*  Keverth^I^BS' 
soae  tefinement  of  the  Economic  Recovery  Tax  Act  of  1961  to  include  the 
following  options  would  be  helpful* 

o         Fennit    th^  ^Air    cn^tket    value    for    donation   of  new 

equ ipment* 

o        ^<}nnit  the  use  of  fair  market  value  for  used  but  telatively 
new  equipments 

o         Allow    e)cpandod    tax    credit    for    ^   grc^nt    of    funds  e^tmArked 
sp(?ci£ically  for  equipment  acquisition^ 

In  the  case  of  the  chemical  indufltry>  virtually  none  of  the 
companies  manufa^^tute  irjst£ument3  that  ai:e  toutxnely  used  in  a  university 
research  environment*  Moreover^  ^'.nce  a  company  xs  willing  tQ  part  wxth  a 
particular  used  instrument  it  lo  quite  unliXely  that  xt  is  still  a 
state -of-the'*art  item* 

On  the  hand  j.nst^  lent  manufacturers,  especially  *-*io3e  that 

st4ke  many  of  the  svphistjicatec*  pjieces  of  eqa^potent  mentioned  eaxrli^r*  Aio 
often  reiatlvely  snail  companies  and  xn  many  case^  art  f^rexgn-based 
coDtpanxefi*  Thus,  there  ifr  little  in^^cntive  to  donate  new  eqoxpment  of  the 
sort  most  needed*  CX^R  suggests  that  CRTA  provisxons  be  refined  in  this 
connection  but  recognizes  that  this  appi^oach  cannot  sg.ve  the  problem* 

1 ,  Th<*  federal  goveinnent  ghould  provide  incentives  for  matchin*^  jpjcograitF 
invclvinq  industry  and  the  atatcs  with  the  federal  government  to  renew  the 
unjv^^cJity  research  laJl>oi:atocJiej.  Most  companies  support  this  approach  as 
a  general  principle,  but  the  challenge  is  to  design  a  workable  mechamsoa 
to  implement  such  a  program*     It       clear  frot^  our  experience  xn  CCR  that 
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a  c^0e-by-<;MQ  natchin9  ptogt^  fo£  cquipiB«nt  wguld  be  very  ctjabersoroo  diwl 
probAJ&ly  unpractical,  Tti^re  iBt  however^  a  more  g^noral  approach  which  is 
v»ry  attjractlve, 

I  jMntxoned  earXxer  that  CCA  established  t^iat  cor^rate 
corttriJbwt^r-  to  *he  base-levol  fuiw3irtg  in  the  choaical  PciCrtces  wa^  as  of 
a  yeAT  ^o,  tf&  reconnend  that  the  federal  goverrunent  establish  ^ 
challenge  prograiQ  of  ntatchin?  funds  f<?r  irtst  rumen  tat  ion  acqutsitiort  in 
univ«raitiea  along  the  followin?  lines.  For  every  dollar  donated  ^ 
coppanies  for  the  support  of  basic  research  In  univerditiee  above  the 
baae-l&vel  fuoding  of  last  y^at^  the  federal  government  would  add  two 
dollars  to  the  tisF  budget  earmarked  specifically  for  eQMipinent,  There  are 
iftany  venations  on  this  theiae  which  are  attra<Jtive  bwt  I  will  not  ar9U« 
the  details  here«  Suffice  it  to  say  that  such  *t  cooperative  venture 
betwoeh  xnOustr^  and  the  goverjunent  to  m^^rove  the  basic  research 
rnvironstent  in  this  country  would  be  a  novei  and  highly  salutary 
development.  cell  <tr9es  t  ,  this  approach  be  considered  seriously, 
Again^  it  would  not  ^olve  the  pcoblent  but  th^*  impac  would  be  palpable^ 
Koreover^  it  would  encoura9e  companies  to  make  a  or  tern  investment  in 
basic  research  in  areas  of  interest  to  them, 

4  Establish  a  set-aside  fund  as  a  percentage  of  the  federal  funds 
designated  for  targeted  afi<Vor  nt4Ssior>  oriented  research  and  developwent 
fthe  TR  &  D  portion  of  the  P  ^  D  budget ) ^ for  instrumentation ,  There  are 
several  attractive  features  11  thJis  approach^ 

a.  The  effectiveness  of  targeted  research  and  development  dePeods 
critically  on  the  basic  research  which  has  preceded  it.  Hence 
improving  the  quality  of  the  latter  is  essential  for  enhancing  the 
efficiency  of  the  former.  Indeed^  1^  could  be  argued  that  the  money 
set^aside  would  improve  the  productivity  of  the  basic  research  labs 
to  such  a  <l^gzefl  that  the  benefits  to  the  targeted  research  ^nd 
development  prc^i^am  woald  more  than  offset  the  very  modest 
investment. 
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b  Cn«  of  tho  «0fiontlal  ruuourc&&  for  t^tget^d  roaoarch  and  (Sevelopoent 
19  hi^lhiy  t£4^ined  personnel.  Tbes«  cone  from  the  univargitles  and 
colleges.  Therefore  the  allocation  of  a  smaJ.JL  portion  of  the  budget 
eo  that  3tud4tite  would  be  trained  9n  stat^^of-'t  he-art 
infltrumentatior*  represents  a  prudent  inuestnent' 

Only  the  TR  £  D  budget  is  lar^e  enough  to  provide  resources  through 
4i  set-asid«  prograv  co^ntDensurate  with  the  isagnitude  of  the 
instrunent^tlon  problem  without  seriously  distorting  the  ob3ectives 
of  the  funding  agency' 

d.  The  TR  C  D  effort  places  deminds  on  a  very  bro^  range  &f 
disciplines  and  therefore  represents  a  logical  starting  point  for 
un<lervritin9  the  enterprise. 

On  i>ehalf  of  CCR,  I  would  like  to  ur9e  that  such  an  approach  b« 
given  serious  consideration.  ^  set-aside  of  one-haif  of  one  percent  of 
the  TR  £  D  budget  plus  an  equivalent  amount  (somewhat  over  SlOO  milJLion) 
allocated  <lir«ctiy  to  USF  wouia  represent  An  appropriate  response  to  this 
problem. 

What  has  to  be  reco9nixed  is  that  the  problem  of  obsolete 
instrumentation  is  not  going  to  he  solve<l  by  a  one-shOt  mfuSion  of  funds 
even  if  the  dose  is  Dtassive.  We  are  <!ealin9  vith  An  enomtous  inventory 
problem  for  capital  equipment  vhicn  la  coi^tinually  a9Xng  and  lo3in9  its 
eff^ctxveneds.  The  problem  iS  suaxl^i  to  the  deteriorating  transportation 
infrastructure  such  as  our  roa<ls  an<l  bri<^e3. 

When  we  eat  a  piece  of  £resh  fruit  or  buy  a  piece  of  furniture  ve 
don^t  thih>c  about  the  crucial  role  Our  transportation  aystem  piayo  in 
naXing  that  possible.  tikewiso>  vhen  ve  fiJLl  our  gas  tanX  vith  refined 
fuel,  <]rive  our  card  with  catalytic  converters >  use  our  miniaturized 
consumer  electronics  devices  und  cotnputers  vith  their  extraordifiarily  high 
purity  silicon  chips  vith  complex  chemically  Processed  surfaces^  when  ve 
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pdint  oitr  hi3U303^  wh«rk  ^49  put  on  Qur  cioth«s  made  of  synthetic  fdbrica^ 
«at  th«  food  which  has  been  produced  In  abundance  due  to  advances  ^n 
fertilizers^  P«at  control  and  genetic  manipulation  <and  has  been  checked 
for  contAmiTwtion  by  the  sophisticated  tools  of  chemistry)^  and  recover 
from  our  illnesses  through  the  njLr^Cle  of  modern  fh^raaceuticals. , the 
list  19  endless)...  vq  don't  think  about  the  chemisttY  and  Chemical 
engineering  whjtch  has  nAde  All  thes«  things  poas^Je.  Like  our  roads  and 
highna^yj^  which  connect  our  Cities*  towns  And  factao*  the  chemical 
enterprise  is  inticiately  connected  vith  virtually  every  facet  of  <?ur 
lives.  And  just  as  in  the  case  of  our  transportation  network*  ve  can 
shortchange  the  system  for  a  while  with  no  ijnmediate^  dramatic 
consequences.  But  the  effect  is  intfidious  and  when  the  cumulative 
deterioration  finallY  reachea  crxsiu  proportions^  the  bill  to  remedy  the 
probiem  13  go  gargantuan  that  ^e  become  paralyzed.  Instead  of  bold  and 
tQS->lutv  aotion  vo  raereiy  comjnjtssion  another  study^  hopitig  a  oagic 
solution  will  be  found. 

There  Iff  no  n>agic  solution  to  the  instrumentation  9^P»  what  'is 
required  beyond  the  tacit  tec^^^nition  t'f  the  fundamental  protlem^  io  a 
program  which  systematically  a^id  automatically  provides  f^ome  base  level  of 
support  to  replace  and  upgrade  the  existing  inventory*  Given  the 
dtagnitude  ot  the  problem^  it  cannot  b«  solved  by  convertin?  ^  portion  of 
the  norrv^i  ^ant  resources  into  equipment  funds*  (This  procedure  has  been 
used  very  successfully  by  the  chemistry  Divisjton  KSP  for  oiany  years^ 
but  at  a  high  price*-th<?  percentage  of  proposals  funded  has  dropped  to 
well   under   fO%  of   those  still   trying  and  faculty  members  the 

auccesa  rate  closer  to  an  unacceptabiy  low  25%.  See  Figure  ill 
nittached.  I)flspite  this^  Wsr  funds  oftly  50%  of  the  instrument  cost.)  Wo 
three  year  program  or  five  ye^r  program  is  adequate*  The  coiamitment  muat 
be  strong  ^^d  it  oiust  be  permanent. 

The  chemical  entetprjiee  an  extri  mely  important  factor  m  the 
economic  equation  for  thi^  country.  At  the  same  time  there  ^0  a  growing 
con<'trn    that    this    indu^t^^    may   be    undergoing   significant  stnictural 
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AcademOf  industry  and  g^v^rnnwnt  to  ^natjre  creative^  high  quality  nst^arch 
oti  A  broad  r^nge  of  toPics* 

that  brioqa  tjs  back  t^  the  tool3  needed  for  the  job.  On  behalf  °f 
the  corporate  nenbcrs  of  CCH  I  would  like  to  urge  thi»  cOsuaittee  an^  the 
Con9r«9a  to  act  expeditiously  and  with  foresi9ht  in  tackling  th«  problem 
cf  our  aging  and  obsolete  in^itrijpientation  resourced.  When  one  of  the 
corporate  jn^jekbors  of  CCR  waa  told  o£  thx^  hearing  and  figure  of  56 

nilii<in  being  considered  for  the  KSF  instrumentation  pr^^am  m  chemistry 
he  was  oonvinc«d  that  ve  had  dropped  a  zero  someplace.  Ve  urge  this 
cos^ttee  to  take  a  bold  an<«  coura^ffoua  action^  not  just  to  approve  btjt  to 
increase  the  fSF  ingtrunientation  request  jignificantiy ,  Ali  you  need  to 
do  jts  add  a  zazo  The  "S<id  has  been  documented  in  repeated  atudiea,  Let*3 
act  before  it  is  also  too  late  for  the  chemical  itjdustry  which  plays  such 
a  vital  role  in  thiis  nation's  ecoitomy* 


1,  £ee  al9o  the  report  of  the  ad  hoe  workshop  held  on  »arch  12*13'  193? 
under  the  auspices  of  the  fiational  Reaetirch  Council*  "Revitalizing 
Laboratory  In^^ttuisentation"  national  Academy  Presa^  Washington^ 
D,C,  19«2, 

2,  An  extensive  isurvcy  of  thia  problem  rfaa  carried  out  last  year  by  the 
Amerji'^jn  Chemical  S^icty,  A  roport  a ununa racing  the  results  will  be 
4VJilaMt*  :iKDrtty, 

3,  '   Tf^iJt^nony  of  G<*org*j  C.    Pimentel  tKjfore  the  House  SubcopAtittce  on 

Ccji<>ftce,  Research  ^ind  Techrtolo^y^  Mar^.»  1962, 
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SAI£S  ($000) 

27, 757, 436 

CEKfeHM*  ELECTRIC 

27,240fOOO 

Z.t.  du  P0»T  de  HEHOtfRS 

22^810,000 

SHELL 

21,629,000 

OCCIDENTAL  FE'.ltOLEUlH 

1,4, 707,  S  43 

STAHDAH)  OIL  <0SIO) 

13,4S7,091 

WW  CKEHtCAL 

11,873,  :h> 

FROCrCR  £  CAHBLE 

11,416,000 

EASTTiAH  XODAX 

10,337,000 

HESTItlGHOUSE 

9,367,S0O 

GOOOYEAR  TIRE  t  RUDBER 

9,1S2,80S 

XEROX 

8,681,000 

HO  MS  Af  no 

6,947,700 

HimlCSOTA  HtHXtIO  £  HAHUFACTUHltIO 

6,soe,ooo 

ALLIED 

6,407,000^ 

JOHNSOtI  ^  JOHNSON 

S, 388, 000 

COLGATE-PJILMOLIVS 

S, 261, 364 

CELANTSE 

3,752,000 

AMERICAN  CVANAHtD 

3,649,073 

mc 

3,531,960 
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PPG  XKDUSTRIES  3f3&3.6QO 

PFIZER  3,249,700 

r*  GOODRICH  3,194, GOO 

BOF£;-U[M%H£R  2 ,  7&t  f  ZOO 

SMITmaiHE  BEOOIAH          '  1,965,341 

ROEK  f  HAAS  1,684,664 

SNUFFER  CHEHICAI*  l,7zef236 

AIR  PRODUCTS  «  CHEMICALS  1,570, 11& 

tUDRizot^  e'ra^^oi 

DOW  CORHXNG  ^  721,861 

KALCO  CHSKXCAL  6G6,591 
AHOCO, CHEMICALS  CORPORATXOH' 
GTE  LABORATORIES,  IhC** 
XimOfrr  CORPORATION* 
SUW7ECR,  XMC*  * 
UOP,   INC,  * 

*  Sal«0  Figures  not  &v^l^ie< 


4 

J  460 

TABLE  II 
DNXVERSin  KEKDER  OF  OCR 


Axi2«nii  st&be  University  , 

•Phe  Oflivftiaity  q£  Arizona 

University  o£  Ark^ans^ 

Atlanta  University 

Auburn  Unlvoratty  ^ 

fiost^n  univeraicy 

BrAnd«i3  University 

Brovn  University 

CAlifocnia  Infltittite  of  tech tio logy 

University  Of  Celifornier  Beikeley 

Uniyernlty  of  Califbcnia*  An^olee 

University  of  Ca.lif6rnie  at  Riverside 

University  of  c^liforni^f  Pie^o 

Cirneglo-Keilort  university 

C^e  western  Reserve  university 

University  of  central  Florida 

central  Michigan  university 

University  of  Chicago 

University  o£  Cincinnati 

City  University  of  tlCw  YOrk 

Clark  University 

Clarkaon  CoIl<>ge  of  T^Chnol^W 

Cleosan  University 

C<;>lQr4do  Stdto  univeroity 

University  o£  Colorado 

Columbia  university 

University  of  Connecticut 

Cornell  University 

PiirtTOtith  University 


University  oif  Delaware 

prexel  Univorsivy 

Duke  University 

Efflory  University 

Florida  Statfj  University 

university  oi  Florida 

Georgetown  unlTStsity  , 

Georgia  i^istitute  of  Technology 

University  of  Georgia 

Haivard  University  *  * 

University  of  Houston 

Howard  University 

University  of  Idaho 

Illinois  Institute  of  Technology 

0'    *^f  lilinox^       Chicago  Circle 

of  Illinois  At  UrbonA 
Iowa  StAte  university  * 
univorsity'of  lowa 
Johns  t^oPJ^inS  UtUvorsity 
Kansas  State  University 
university  of  Kansas 
University  of  Kentucky 
Lehigh  Universj^ty  ^ 
Louisiana  State  University 
University  of  Louisville 
Hnr<]uette  University  ^ 
University  of  Maryland 
HIT 

u«    o£  Hassachusetts*  Amherst 
Mepphis  state  university  ^ 
university  of  Miami 
Hichigao  state  University 
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University  of  Michigan 
Univdr«ity  of  Hinnesota' 
Hlsffisaippi  stftte  Univermty 
Univ<iri»ity  of  Hlsoiosippl 
University  of  Hieaouri^ColttmbiA 
tJniveraity  o*^  Mifloouri-Bolla 
University  of  Hlssouri-St.*  Louid 
Hontiuift  State  Uhivemity 
University  of  Kebjr&skA-^Lincoln 
University  of  Hevftda 
~y  oniveraity  of  New  Buapahire 

Hev  Mexico  St^te  University 
University  of  Hew  Orle^d 
^-Hev  York  University 
North  Cftcolina  State  OrtiverfUy 
University  of  Worth  Carolina 
Horth  Dakota  State  University 
northeastern  University 
Horthweeterh  Uhive^stly 
Otiiversity  of  Kotre  Dave 
Ohio  StAte  University 
Ohio  University 
Oklahoma  Stajje  t^niverslty 
University  of  Oklal^nna 
Oregon  State  University 
University  of  Oregon 
Xfte  Pennsylvania  State  University 
University  of  PennaylvaniA 
University  of  .Pittsburgh 
Polytechnic  Institute  of  Hew  York 
Princeton  University 
Purdue  University 
f^xieenu  College  -  COMY 
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Reneoelaor  Polytechnic  Institute 
Universityof  Rhodo  Island 
mce  University 
University  of  Ro<^hestet 
t    Rockefeller  Universit/"  ^ 
Rutgers  university 
Seton  Hall  University 
University  of  southern  Hissisflippi 
Stanford  Oliver sit y 
SGKY  at  Bdffalo 
College  oC  Staten  Island 
Syracuse  University 
Unlveteity  of  Tennessee 
Texa<i  A£M  university 
Texas  Tech  university 
univ&rsj.ty  of  ^.exas  at  Austin 
Tufts  University 
University  Of  Utah 
Vanderbilt  Utiiversity 
Villanova  university 
Vir'^inia  Polytechnic 
University  of  Virginia 
Washingt;on  State  University 
Washingtoir  University 
University  Of  Washington 
Wayne  State  University 
we s ley an  University 
west  Virginia  University 
University  of  wisconOin-Hadi^on 
University  of  wiscono in-Hilwaukee 
Wbtcester  Poiyt^^chnic  Institute 
The  University  of  Wyoming 
Yale  University 
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Mr.  Wai-<;HKn.  Tluiiik  you  vary  much,  Dr.  Kwiram.  It  was  sug- 
gested that  >uu  Could  bta>  ^\ith  us  until  4,13  or  thereaboutSi  or  is 
,that  your  plane  time? 

Dr  KwlRAM.  No,  I  can  stay  until  4:15. 

Mr.  Wai-cren-  All  right.  We  will  then  proceed  to  Dr  Langen- 
bergi  and  ^o  thi^ugh  the  rest  of  the  panel  of  statements  before 
reaching  into  discussion. 

Dr.  Langenberg. 

STATKMKNT  OK  DONAM)  N.  LANGKNliKUG,  ClIANCKLLOR, 
UNIVKUSITY  O^MLLIN<)^S  AT  CHICACK) 

Dr  Langenberg.  Thank  you,  Mr.  Chairman. 

Mr  Chairman  and  members  of  the  committee,  you  have  asked 
me  to  prebent  in>  views  on  the  current  status  of  university  re- 
ean;h  instrumentation,  and  particularly  to  assess  the  effectiveness 
of  the  Federal  responb^  to  the  Instrumentation  problem  in  our  Na- 
tions research  univer^itieb,  I  ver>  much  appreciate  the  opportunity 
to  do  this*  for  this  is  an  issue  In  which  I  have  had  a  personal  inter- 
ubt  in  a  number  of  roleb— as  an  experimental  physicist,  as  a  univer- 
bit>  administrator,  as  Deputy  Director  of  the  National  Science 
Foundations  and  now  again  as  a  university  officer,  I  consider 
myself  to  bu  hen;  today,  however,  as  an  individual,  not  represent- 
ing any  particular  institution. 

The  evidence  for  a  deficit  in  the  research  instrumentation  capa- 
bilitieb  of  our  universities  began  to  aaumulate  more  than  a  decade 
ago.  In  my  prepared  statement  I  run  through  some  of  the  back- 
ground, leading  up  to  the  following  expression  of  iny  current  view. 
My  view  of  the  present  situation  with  respect  to  university  re- 
search instrumentation  is  that  we  have  a  serious  national  problem 
—you  will  note  I  said  national^  nojt^  Federal—a  national  problem 
which  has  not  and  will  not  go  a^\ay,  and  which  deserves  serious  at^ 
tentlon  b>  Governmentb,  both  Federal  and  State^  by  private  indus- 
try* and  by  the  university  research  community. 

I  think  the  gap  between  ou^  present  university  research  instru- 
mentation capabilit>  and  what  it  ought  to  be  to  insure  maximum 
productivit>  b>  our  most  creative  and  innovative  researchers*  cor- 
responds to  at  least  $1  billion  and  probably  a  good  deal  more.  A 
year  ago  ^^hen  I  reported  to  this  subcommitteei  I  presented  $1  bil- 
lion as  ^  lower  bound  and  suggested  that  some  estimates  go  as  high 
as  $3  or  $4  billion. 

There  are  spme  encouraging  signs  that  the  problem  is  being  ad- 
dressed>  however^  by  Federal  and  by  State  Governments*  by  private 
industry,  and  by  the  scientific  and  engineering  research  communi- 
ties. You  ha\e  asked  me  to  address  the  Federal  part  of  that  efTort, 
and  this  I  would  like  to  do  in  the  Context  of  the  Interagency  Wor,k- 
ing  Group  on  University  Research  Instrumentation.  \ 

As  Dr.  Knapp  has  already  told  you^  the  Interagency  Working 
Group  on  University  Research  Instrumentation  was  organized  back 
in  niid-Ii)81  by  NSF  v^ith  the  support  of  the  Director  of  the  Office 
of  Science  and  Technology  Policy.  lie  has  noted  that  it  is  composed 
of  senior  Presidential  appointees  representing  the  Foundation,  agri 
culture*  defense,  energy,  NASA,  and  NIH.  I  chaired  that  group 
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until  n\y  duparlun*  frcni  thu  Foundation  m  December  1982  and  it 
IS  currently  chaired  by  the  Director  of  the  Foundation,  Dr.  Knapp, 

A  year  ago  I  talked  tu  this  subcommittee  on  the  Interagency 
Group's  formation  and  earlv  findings.  Since  then,  it  has  reviewed 
agency  budget*!  for  university  research  and  has  worked  jointiy  to 
Ubburu  the  maximum  pobsible  fiscal  year  1984  budget  request  for 
inbtrumentatiun.  It  has  reviewed  the  process  for  implementing  the 
DOD  instrumentation  program  begun  in  fiscal  year  1983.  It  has  dis- 
cui>bed  pubbible  accelerated  cost  recovery  propolis  for  university- 
funded  equipment  purchabei>,  and  it  hah  diycusyed  concerns  bv  com 
mercial  laboratories  over  competition  from  NSF-funded  inst  un*en 
tation  in  universities.  Finally,  it  has  adopted  a  multifaceted  nation- 
al program  to  address  the  instrumentation  program. 

The  elements  of  that  program  are  listed  on  this  chart,  and  a  copy 
of  that  ch'jirt  ib  appended  to  the  prepared  statement,  I  would  now 
like  to  discuss  each  of  them  in  turn. 

First  of  all  there  is  data  acquisition.  There  has  been  somr  unease 
expressed  about  the  estiniateSi  both  their  magnitude  and  their  evi- 
dent imprecision^  the  estimates  of  the  size  of  the  instrumentation 
problem.  Tint*  committee  has  asked  NSF  to  develop  indicators  of 
the  {Status  of  research  instrumentation^  in  the  spirit  of  the  indica- 
tors of  the  stat^  of  science  and  technology  which  aie  reported  peri- 
odically by  the  National  Science  Board  in  its  science  indicator 
series,  I  assume  that  the  Foundation  Has  and  will  keep  yoM  in- 
formed of  the  progress  of  this  project,  Dr  Knapp  has  already  men- 
tioned it. 

1  think  that  if  it  is  successful,  this  project  should  provide  us  a 
tool  with  which  to  monitor  continuously  the  status  of  university  re- 
search mstrumentation,  to  refine  our  estiniates  of  the  magnitude  of 
the  current  problem*  to  assess  the  effectiveness,  of  our  efforts  to 
ameliorate  it,  and  to  understand  better  the  differing  nature  of  re- 
search mstrumentatiun  noeds  among  the  fields  of  science  and  engi- 
neering. 

Now  when  1  mentioned  a  moment  ago  the  existence  of  some 
recent  indications  of  the  magnitude  of  the  instrumentation  prob- 
lemi  I  had  in  mind  in  th^  back  of  my  mind  a  ver^  recent  indication 
that  suggestii  that  the  earlier  estimates  that  you  have  heard  are 
really  not  far  off  the  mark.  This  is  the  response  of  the  scientific 
community  to  the  Department  of  Defense's  instrumentation  pro- 
gram mounted  in  fiscal  year  1983,  As  Dr.  Knapp  has  noted,  DOD 
has  received  something  like  loOO  ^Iiroposals  in  competition  for 
those  funds*  totaling  something  close  to  three-quarters  of  a  billion 
dollars  in  requested  Federal  funds,  requests  of  almost  three  quar- 
ters of  a  billion  dollars  for  a  total  program  size  of  $30  million.  It 
sbums  W  me  that  that  response  indicates  that  our  earlier  estimates 
are  not  really  far  off  the  mark. 

You  could  ar^ue,  perhaps,  that  those  proposals  contain  a  good 
many  frivolous  wish-list  requests,  and  may  greatly  overstate  the 
need.  That  may  be  the  case  but  I  very  much  doubt  it. 

First  of  all,  the  DOD  program  requires  substantial  cost  sharing 
on  the  part  of  the  proposing  institutions.  Tm  sorry— it  does  not  re- 
quire It  but  it  very  strongly  encourages  it.  Furthermore,  the  prepa- 
ration of  a  proposal  where  the  probability  of  success  was  perceived, 
I  think,  by  everybody  to  be  very  low— a  priori— and  a  posteriori  ap- 
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ptars  to  hv  itu\\  Aiuiiit  J  p4'ii.ci)t.  juA  a  tjisk  a»>  ^ietttist  would 
uiidfrtiikf  li^liUy 

Tvikt^n  togetht*r,  ihv^v  lacLs  hijg^it\st  to  iiu*  that  the  incidence  of 
fri\oIoij,s  proposjU  '  'nlikelv  tc  it*  hit^h.  Furthermore,  if  >ou  rcc- 
o^;ni/e  that  the  fiei.  >  of  research  eligible  for  DOD  support— al- 
thi^u^h  tht*  Kuidtlin*^  wen  rather  broadly  defined — exclude  some 

tht  phs.sj^al  >tu  jju\s  arul  fXLludr  much  of  the  biologipl  and  ag- 
rKultunl  stience,s  -that  i>  Xa  ,sj>.  include  only  a  paWjOf  the  full 
raiiKr  i;l  ^^.lenue^,  funded  bv  NSF  in  itis  prog ram.s— then  it  seems  to 
nK  that  that  rt  ^spun^e  tu  the  1)01)  program  pro\ide^  bdme  addition- 
al ex[M.rjrrK,  tal  support  lur  an  estimate  of  the  uni\eriiity  research 
]n,strumi*ntatjon  deficit  in  the  billion-plus  range.  i 

I  pa>h  over  the  second  item  on  that  libt^  called  "funding  ini- 
ti*ihus/  becauM^  thes.e  dc»scribe  the  initiatives  i.i  the  budjfets  of 
th*  ,*^eh<,ie>  upte^ented  on  the  lntt*ia>^.'ncy  Group  rolated  to  in- 
strumentation, and  those  I  think  you  are  familiar  with  to  a  sub- 
^^tvlnlial  degree*  particularly  the  National  Science  Foundations 
|jud^;et  I  would  iiote-  however,  the  numbers,  the  $1)0  million,  the 
yjn  niilliun*  the  $10  mi'Uon,  and  the  million  are  specific  Pro- 
liant kul  iiKrea^eb  in  those  agencies  for  instrumentation  over 
previous  levels.  Those  arc  not  the  total  amounts,  they  are  the  in- 
LrtaM't)  You  *.an  see*  and  I  should  say  that  the  increases  are  over 
the  pernnl  VA^2  to  il)SJ,  so  that  is  a  2-year  increase,  and  over  that 
|jerit  J  >uu  Lan  ste  a  ptograrr  !t;\el  increase  for  instrumentation  of 
^yM\  million  acrass  those  agencies  represented  there. 

T\n  next  iteVn  here  i*^  labeled  ''stimulate  donations  and  dis- 
*.ouiit&  Dr.  Knapp  ha^  already  referred  to  severai  experiments 
tH^rformed  bj  NSF  in  the  last  year^  one  of  which  involved  direct 
donation^  uf  equipment  and  the  other,  substantial  discounts  on 
equipment  It  becm»  to  me  that  those  represent  directions  of  some 
pionnse  fut  the  future  The  N'ational  Science  Board  has  encouraged 
Foundvition  itaff  to  explore  other  opportunities  for  such  coopera- 
tiuN  witli  the  private  sei^tor*  and  these  initial  examples  have  been 
discussed  and  endorst^d  by  the  Interagency  Group.  * 

The  Fconomic  Reco\er>  Tax  Act  of  198^  had  provisions  intended 
to  7*  aiulate  di^nation^  of  re.-^earch  equipment  by  manufacturers  to 
unuersifies.  \oF  ha»  initiated  with  manufacturers,  both  individ- 
"uall>  and  through  ihdUstr>  ais^oeiatir  ns^  some  efforts  to  encourage 
Use  jf  tho^e  incenti\eb  of  the  tax  act.  The  response  has  been  mixed 
and  I  l*:Jnk  on  the  whoh\  to  me  at  least*  rather  disappointing. 

Sojue  manufa^^turers  are  jijcreasmg  equipment^-^donations  but 
ufter;*  it  appears,  for  reasons  that  do  not  app(;ar  to  be  especially  re- 
lated to  (lie  tax  act  jneenti\es.  Others  report  that  current  economic 
*.ijiiait:  n;^  militate  against  donations— if  there  are  no  profits,  there 
an  iai  (axe^,  and  then  there  is  no  incentive  to  donate — but  still 
others  a  purt  that  tlie>  are  awaiting;  issaance  of  the  IRS  regula- 
tions implementing  the  relevant  provi^*on^s  of  the  tax  act  so  that 
thev  uan  jud>;e  what  the  value  of  the  ihcentives  is*  and  here  we 
seem  \o  have  a  major  oroblem.  ^ 

I  dijn  t  Knuw  whv  IU*S,  more  than  a  year  after  the  pa.ssage  of  that 
a*.tt  ha.s  not  yi<  i^sikd  rej^ulations,  but  the  deiay  here  is,  I  thinki 
nulldv  iii^  the  elfect  of  tho,se  incentne.s  that  the  Congress  built  into 
the  act  K\er>  da>  that  goes  b>-bc^ause  of  the  "within  2  ye-ars" 
pruflULtjon  rt^iuimnert  of  tliat  act— niorp  equipment  becomes  in- 


^^ll^*l^>U*  tui  ^lotitthiftk  DohpiU'  honio  Tjroddni>;  by  thu  Diruct^>r 
National  S\.»rn*.i  I  oLnitJiitiuii,  llu  rr  hj^  nut  been  an>  visible  result 
,su  far,  and  I  would  urge  OS'W  and,  if  nvcebbar>,  the  Con^ress^  to 
pre>»  the  IRS  to  do  itb  job  and  get  thubu  re^ulatiynb  out.  The  dona- 
tion pn^vibiun^  cuiild  potentially  be  a  substantia]  contribution  to 
tilt*  >oIutiuij  uf  the  re.i^arch  inbtrumentatiun  problem,  if  manufac- 
turerb  knew  wliut  the  ground  ruU*ij  were  for  using  thenn^ 

The  next  item  there  sayts^  **fotut*  binall  business  set-aside/*  and 
that  referts  to  the  Small  Btibiiiebb  Developmunt  Act  of  19S2  which, 
at)  >ou  are  well  awure*  required  &ei  a^ideh  in  the  budgets  of  the 
K&P  funding  v^jencieb  for  support  uf  R&D  fyr  btnall  bubinetjses. 
The  Interagency  Group  has  aibCUbbed  the  idea  that  some  portion  of 
a>;eiKteb*  &rriall  bubinebb  prugrarnti  might  be  focubed  bpe-jitkally  on 
bniull  bubjnt*bbeb  that  are  engagea  in  developing  highly  bophibticat- 
ed  research  instrumentation. 

It  ib  a  well  known  fuct,  in  the  i^cientific  game  at  leabt>  that  an 
dwful  lot  of  bubinebbes  begir  with  bmall  bubine^seb  which  are  df^ 
\uted  to  taking  ideas  developed  in  the  laboratory  and  con\erting 
tlnm  iiKti  Lomriiercially  u&able  mbtrumenlation,  and  very  often 
fii^t  for  u*se  biuk  Ui  the  labora*^o.  One  well-known  example  is  the 
labir  vvhich,  viheii  it  wa^  firU  commercially  ma!iufacturcd,  was  in 
fat^t  manufactured  as  a  toot  for  use  in  laboratories,  and  now  you 
rind  them  t  very  when*,  including  in  every  supermarket  checkout 
iitaml.  The  Foundatiun,  1  believe,  and  some  of  the  other  ageni^itb 
reprobented  on  the  Interdgency  Oroup  are  looking  with  conbider- 
able  fiivor  on  focubir.t;  at  least  part  of  that  .small  Ln^sineoo  be*t-ajide 
on  instrumentation  firnns. 

Then  there  i&  univei^ity  management.  I  uni  prepared  to  proclaim 
the  virtueb  of  the  American  rebearch  uni\erhity  but  I  am  not,  I  am 
afraid,  pri^parc^d  to  prebent  thebe  univerbitieb  ub  generul  paragonb 
of  cri&p  and  tight  management  There  are  a  good  many  good  and 
proper  reabon^  for  that>  gi\en  the  {particular  character  of  universi- 
ties Nonethelebb,  I  think  there  ib  a  growing  uwareness,  even 
within  ani\er&itieb,  that  theie  is  rooni  for  i,iipro\ement,  particular- 
ly in  the  area  of  tnunagjng  uc^uisition,  maintenance,  and  use  of  re- 
search instrumentation.  '; 

Mobt  of  the  agencies  reprebe*.Ced  on  thut  interagency  group  have 
committed  thenfceKes  to  support  a  major  project,  which  will  be 
'carried  out  under  the  leaderblup  of  three  aniversity  organiza- 
tions tW*  AvVU,  NASULGC,  and  the  Council  on  Governmental  Re- 
tationb  and  thobtj'  acronyms  ure  ull  explained  in  the  prepared 
btatement.  That  project  will  include  the  Conn nijsb ion ing  of  bix  anal- 
y^eb.  firbt,  to  abbess  the  role  of  debt  financing  for  research  equip- 
ment in  bound  ani\erbity  fmanciat  pructice^and  Dr  Olson^  my  col- 
le  i>;ut^  lu  re>  will  he  talking  to  you  a  good  deal  about  that  shortly, 
betont!*  tu  ulrntify  and  evaluate  opportunitiob  to  improve  procure- 
ment. iLanagement,  utilization^  operation,  and  maintenance  of  re- 
hear h  etjuipnient>  third,  to  assess  present  tax  incenti\eb  for  the  do- 
ikitum  of  roMMrcli  equipment^  and  bug^est  ways  to  increase  bup'ort 
from  the  private  MHtor,  fourth,  idc^ntify  opportunties  to  ebmmate 
in  reduai  Statt  vHid  uni\t*rbity  budget  and  other  policy  barriers, 
fifth,  to  liJontify  opportumtieb  for  changcb  in  Federal  regulationb, 
and  bixth^  U>  evaluate  present  modeb  of  diri'ct  Federal  iiuestment 
and  suggest  future  improvementK. 

! 


4(i7 

nioie  t^laiLs  tu  >)[iri\id  Uk*  good  word  through  a  series  of 

ai'jiuiuii'b  hclK*dtjli*d  lu  cojijcidt*  v^ith  pruf"L»^iuniil  and  association 
meetinj;^*  regional  meetings  and  a  national  t:  m|)osium. 
^  The  laat  iti'm  there  sa>£>*  "stimulate  Goveinment  laboratories. 
Somi*  of  tht*m  hoem  to  be  quite  well  stimulated  already.  However, 
what  lb  nieant  tht  rt*  la  tha^  if  one  notes  that  the  federally  funded 
UboratorK*^  of  thi*  LOuntr>*  a  major  jicientific  resource,  absorb  a 
coiLsidiTcible  part  of  the  Ncition't)  R&D  budgt't  and  contain  a  great 
di^l  ol  hi^hl}  t>oi>hibtiL<iti*d  robiarch  iiibtrumentation,  one  might 
abk  ^vhether  that  mi^ht  bo  ubed  mort*  effectively  than  it  now  is  by 
university  researchers. 

Now  in  bome  fieldb*  of  couise— high  energy  physics,  astronomy— 
the  very  purp^>be  of  thebe  Federal  laboratories  is  *o  provide  facili^ 
Ueb  and  iabtrumentution  to  university  researchers*  but  in  many 
fielda  it  iiia>  be  thiit  yne  i^ould  make  ^ivailable  those  facilities  and 
mbtrumeiitation  ntthout  Lompromibing  the  purpubeb  of  the  labora- 
tor>.  The  lnteragenc>  Group  ib  considering  that  question.  DOE  is 
dbuiit  to  i^ue  an  agenc>-\vide  publication  encouraging  external  use 
of  DOK  iaulitieb  and  equipment,  and  I  believe  this  question  and 
this  issue*  deserves  very  careful  attention. 

Thiit  program  I  have  outlined  there  is  an  ambitious  one.  It  in- 
chideb  role*i  for  Governments*  both  Federal  and  State^  Federal 
a^encieb*  induhtr>t  universitiebt  and  the  scientific  and  engineering 
ii^mniumtieb.  No  yne  of  thohe  elements  ;ilone  can  Solve  the  instru- 
mentation problem.  Each  of  thePi  will  help*  and  taken  together* 
they  may  turn  the  trick. 

I  aee  in  the  budget  initiatives  for  instrumentation  in  1983  and 
VJKU  and  in  the  elements  of  the  Interaf;enc>  Group's  program,  the 
bemnnin^t>  of  an  effective  attacti  on  the  instrumentation  problem. 
/\s  1  have  notedt  the  program  level  increases  over  there  in  budget 
are  at  ^VMy  million*  that  ib  a  pretty  good  start.  1  am  especially  en- 
couratied  b>  the  National  Science  Foundation  s  plans  for  1984.  In 
the  current  economic  climate*  1  think  they  represent  a  remarkable 
cichievement  by  the  leadership  of  the  Foundation  and  of  OSTP,  and 
I  ver>  much  hope  the  Congress  will  find  it  possible  to  support 
them. 

However*  if  we  are  going  to  make  real  inroads  on  the  instrument 
t<ition  problem*  I  believe  furthor*  substantial  budget  initiatives 
mu^t  be  made  b>  the  otht*r  agencies*  and  in  addition  to  money*  I 
think  the  Federal  Government  niubt  ^ntinue  to  provide  leader- 
bhip.  It  cannot  do  the  whole  job  by  itself.  The  scientific  and  engi- 
neering Lommunitiei**  the  universities  and  industry,  must  do  their 
|\irt,  but  1  think  the  importance  of  Federal  leadership  can  be  seen 
in  the  nonbnd^etary  elementb  of  that  interagency  groups  national 
program  and  they  can  be  seen  elsiewhere. 

Final!>*  I  think  we  have  to  stick  to  our  guns.  We  made  ^  gQod 
i»tart  on  bolvirfj;  a  problem  that  has developed  over  more  than  a 
decade.  It  ma>  tuke  the  better  part  of  another  decade  to  complete 
the  job,  ttnd  for  thih  effort  I  think  bteij  the  course  is  truly  an  appro- 
priate* admonition- 
Mr.  Chairman*  that  completes  my  statement. 
(The  prepjired  statement  of  Dr.  Langenberg  follows:] 
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OWNCEILOPp  'JNlVERSm  OF  ILLLSOIS  AT  CHICAGO 
SEPORE  THE 

SVBCCtlMirTEK  ^  SClE2lCe.  RKSLARCH.  AND  TlcmOW^t 
Oh       house  of  ttEPRESDirArlVES 

i 

You  hav*    '*t*4  prt*«nc  tjy  vitw*  on  ^iie  current  ^titju  unlv^ralc/ 

thA  f*d<ir^i  effort  to  >ddre9$  cti«  In^c  ru3«ncacli^n  pr^bLj  In  (jur  ^{dClon'^ 

^nlvrr  I  apprf:^  ldC«  chid  opP<>rcunlc:i'       do  a<>p  for  chu 

4a  in  tf*)lcEt  I  luve  hdd  ^n  active  Intrr^st  In  »voral  rolod  an 

exfw  r  if^^nt  a  I      U^ilitt  is  a  ,inlv*rslry  adolAlatrjWr  p  is  DeP^ty  Director 

i 

of  tile  }ld«l(^uL  ^dcncf  fwina^t l<>iih  4nd  n*^  Jgdln  as  a  jnlver^Uy  officer. 
I  ^omtdet  c^r^eif  ^ere  ti^ilay       ^0  IndlvldujLi  iiowivert  nor 

irfl>r«s«ftt  Lug  my  tn^c  Icijr  lore 

evUence  Ic^r  4  drfut^       Cbe  r«9rar«;h  Iftdt rvai±nt4tlQn  caf>3blJtlt lea  ot 
^our  unlveridttl«<>  ^rgjn  to  a<;cuQuUte  3cre  tb^n  a  decade  ^S^*    It  appe^ed 
firiit  In  tht:  c^sPUlntf  i^f  Sfilentlata  ^Ao  IfQund  IC  In^red^lnSlv  difficult  \ 
to  T  IrJ  tun4s  to  iieep  ihelr  research  Pr^ftr^^  soltif!  ^nd  alao  acquire  new 
r^luli^cnt  npetlf'd      f»x-^loiz  riev  idr^^  and  trC.mMue^*    Those  roturnlf^  ^roD 
vtitcs  10  ^oUe.iSnes  'lod  co«P*titor^)  Jbrood  t>egan  to  describe  enviously 
the  ^yp*ri<?t  ln*tr<jiraentJt       Jiid  fjcllltlcs  tJi^v  hjd  ,e?n  thers-  Surveys 
itkI   vt^J'CH  v'fp  ^rfor^cil  ^r  iponf?r*;<±^bv  onlvefvll/  i^-tod^l^oni  ^*nd  bv 
j^^^ral  Aftttncle^p  not.iDi^  NSF  in4  NIH<    T^«ve  siU  :iupporCed  ^  j^roiilnJ^ 
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recognition  K^At  Che  ?r?trl«  wdH  Vral.  Ur^^f.  JChl  graving  UrS«r.    When  [ 
app<«t*cl  ticforft  thii»  Sdbcoaalttee  a  y«ar  ago>  I  ^^14  lhat  ttic  maSnittide  4t 
th«  prvt^lva        dltfUult  to  specify  ulth  itrccldloni  but  that  a  rough  low«t 
bogtitl  at        ^ilLivn  dollar^  ^^^4  a  r«i:ion4^1«  4$Cl£at4i  with  jjoce  estfsaivs 
t^ni^lns      ra  chr««  ar  faur  billion  dallan.    EU«vh?r«  1  have  i^iven 
billion  plua  vt  Alnui  a  fa?tQr       Ci'o  dd  ay  gucdfl  Jt  the  'i^^  of  ch4  deficit. 

have  expressed  un«d^ine»»  about        ^vld^c  Uck  of  prvclslon  and  the 
i*rreai>}ive  XAgnitude       this  esticate^    Later  I  will  de9ctlt>e  stePif  beinS 
tdiun  to  address  th^i  f^nur  L^ncernt  and  aoae  recent  induatlons  that  the 
ma^Dlcude  i^  aoc  ov4>rftCated. 

Hovdld  vttgflt  ourselves  into  thi»  ftx?    Soeo  of  tha  reafton5  ^re  f*irLy 
<T{vvloutf.    FHetil  ftiodlnS  for  untveraic/  research  increased  dtaeatLcall/ 
throuSh  (^e  lO'cie^  and  «lxcl«^i  rhen  sarsenriallr  placeaued.    The  te»poii>&e 
fr«  tinlversLt/  rwMrchers  vas  ;hat  topical  humn  maaaSertal  tesponset  l.e.t 
ulntaia  support  fot  psoplvi  ^efer  capital  Lnv«»t3«nc  Cec^Ipaen^af^^uisittoi)) . 
and  ft*y  far  &«tt«r  (lAes.    Haanwhiiei  the  f ub«Unt  lal  infusions  of  in^ttLioclltatio 
which  had  coo*  with  sussiva  i^aplt^l  ex^antivn  bv  th«  jnlverjiti«ft  in  the  fifties 
ani  eatly  sLxtiea  wvre  becoming  obaolatet  ulth  little  ?tct  ect  for  rePlacesent 
fr<m  university  fourc«s^    jtit  In^mjity  of  out  sclentl^z^  aod  angineer^ 
further        erba t ed  the  situation,  nw  techni4u4»  «Dd  neu  iristruacnts  cete 
Inventedi  sakinS  ic  oosslbU  to  detect  and  aeosure  thlnSa  undrear»«d  of  not 
long  i«o.    Unfortunatel^i  with  a  few  exceptions  like  coopucevs.  the  a«w 
itate-of"the-art  Instruocntat  Ion  la  laore  (wspeiiftlve  is  veil  as  aore 
9«phi9tUat«di  thU  on'top  of  inflation* 

A  tedcrdi  tAtponse  to  the  unLver^ltv  research  In^truswntac Ion  Probloa  ^^sao 
to  dPp^Ar  In  ctiftlite  sevencl**.  e.*.    in  several  Program*  of  the  National 
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3cl*nc«  Toumlacicnt    Th«4«  w«r«  chi  tannic       cotxi«nd4bi«  lnltuclv«»  by 


Fr«4id«nc'b  JanuAtyi  L^80  Bu(lA«c  Rft^u«st  to  eh«  C^agtcss  £ot  FYl^SL  contained 
an  j|F«Dcv-vi^  lAlCidtlvc  for  tt%t  Foun^JdtJ^Oi  which  f«ll  vlctin  to  the  Harth 
t«vlaioat    Atain  to  J^nuAr/i  198Li  Che  Pt«9ldeac's  t«qu««c  lntilud«d  a 
rcsutclt  ln4CruB«cic*c  Ion  lalcUtlv«  for  ch«  F^undjitjlicni  thU  ttge  at  ch« 
ldv«l  At  $73  alLlioni  but  aS^lft  this  vanUtkcd  In  ct^e  n«v  adalnlst r^c ion*4 
Hiict}  revision*    FriuftdCln^  as  this  vas  lor  ^tty       lUf  it  wA*  patallaled 
bv  i  a(ir«  po^lc  Lve  devvLopp^Ar  ^r«ndli^  tJir<^hout  thU  p«rt«dt  ch« 
«pr»dliig  r«codnlclon       ch«  ««rl(niana»s  of  tU«  uDlvtrstc/  tes«arch 
liutrtAtnt^tlcn  probLcAi  In  tha  sclent tflc  ittd  unlv«tslcy  coaaunltlcs*  In 
^taC4  and  f«d«r4l  adslftUtrMlotu^  tn  cb«  Co'^r^AS^  4d4  In  Frlv^icc 


trJu^t^,    f       r»livl«d       chr  obs«rvarlon  chat  t^h«n        pracc tc loners 
A  f  t«ld iMentlf V  a  ^tobLcDi  you  have  a  probleo;  vhen  tho^e  lA  telaced  ar«as 
leArn  about  It*        b^ve  4  blS  probLvot  And  whea  th«  adalnlstt^cors^  the 


P^llcl^UiUk  and  tb«  n«i^  o^iti  learn  about  ic  ^  vou  have  a  crisis!  This 
pto««ftfl  lit  vcitl  «>nc  Imilngt  t>uc       aPE>ear«      Mv«  advaciced  to  the  point 
v{|«rc  sub^cancidl  rasiXin^e'S       the  "trials**  jr^  br&lnnlo^  co  appear  In 
*evetal  luarteri- 

Eft*  r-Mirrent  *lct«cloft  virh  respect       finlv^rvlty  re^<ar<ih 
In^c rusencjitlon    liitn*       Chjc  '-^^  have  a  ^erlou-s  natlonjtl  probiea  ^hl^h 
hia  not  -tnd  will  not  go  av^v,  jnl  which  deaervc^  lerlous  attention 
govertuwntj*  bv  prw*t<-  indgstr/*  ^nd  b^  the  milv^r^lcV  re^ear^h  cooaBmlcy, 
^4        oecvetn  oitt  prti^enc  vnlver-slcv  trseMCh  Inf cnjaenCMion  ca^bllltv 
ifid   vntt   it  0ufiht  CO      ro  ^^ure  oaxlatsB  ProJw^rlvlcy  bv  our  oosc 
cVmMw _^>;id  Aniwv*J  L'je  r*searctj«i  oftrT<-^F<?t*d^  to  *t  J  blilt«i 


aftency  prograa  aaiiAgera  aoa  officials  but  wete  fw  itid  acacteted,  "^be 
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dollar;!*  Atid  probAbiy  aor«.    Th«r«  3r«  «itcQur«glAS  ttgru  that  ttie  Problem 

industry*  «nt]  bjr  ch«  »cl«nclfl<:  and  eastn««rtiig  r«3ti«rcJi  coaauntclt*.  I^oti 
rwv«  a^k^^e  ro  adJr«94  cnu  f«<l«r«l  p^rc  df  thlk  effort.    Ttitft  I  vould  Ltlc« 
to  d^  In  cb4  conc«xt  of  th«  vork  of  cti«  Int«r4B«ttcr  Wbrlclng  Croup  on 
UnlVfrvtc)'  ft^sMTch  InscruMncjt Ion- 

Tl,«  lac«rageacjr  UorkltiA  Gt^up  on  Ualvvrslcjr  Research  ln$crva«nc3tlon  v^v 
9rgjnlr«d  in  ■ld-19Bl       ch«  n«c1oiu1  Science  Found«ctoa*  wttb  tti«  ftupporc 
4f  ch«  director*  Offlc«  of  Sct«nc«  «nd  T«chaoIflSr  Foltty.    Ic  1»  c^mcd 
«f  seaLor  Pr«»l<i«ntl«l  «PP(^lntv«5  r«Pr«3ii]tlog  th«  FoundAc  loi*  th«  0«jurtQ4nt 
df  Atrltulcur«*  ch«  D«P4rcaeat  of  i>cfeas«*  ctw  D«pArcti«at  of  £nergjr»  ctu 
N«clgcui  A«roii«^»c tc «  «nJ  Sp«c«  A^latnlsrrac Ion*  «tid  ch«  Nac  Icual  ta3cttuc«!» 
of  Htalcli.    rh«3«  3sencl««  «c^0uac  for  about  951  of  All  federal  ftiflding  for 
tinlvflr«lcy  r«3«ji.vh  «i»d  d«v«loP^«ttc .    1  chAir«il  the  lncer«g«txy  Group  until 
ay  d«p3rturft  froa  th*  found«tton  i^^  &ttcAb«r*  1952*  It  1«  curr«atiy  chaired 
by  ch«  Olrt^tor  of  che  Foundation. 

Th«  tnter«Stncy  j^rouP  has  s«rv*d  «3  «  vehltl«  for  focuftli^g  hllh-iev«l  3KeD«r 
attention  on  the  ^tnlvenltjr  raacarth  ln»t ruacnt Jt Ion  Probla.    .tv  seabftrv 
dlftugt  4  variety  of  and  proposals.  aSrti«  on  g«n«ri>i  policy  dtr«ttlon». 

^nd  aonlcor  staff  follow-up.    :tot  all  t^«  rapreiented  ageocUft  hAv«  be«n 
«<tu4lly  3ggrflA5t/e  in  ^tt^tklng  ch«  tn^cruaentat Ion  probies*  and  their 
approatha^  to  ic  dlaPlay  tonftl4erabU  dlvarftlty.    Thl^  Is       It  ^houlil  ba.  « 
I>l£fvrent  aftajitles  ^nd  ch<  varloua  scleotlflt  and  enSlneertng  disciplines 
nave  Jiff^renc  styles  ^nd  varying  lofltroaentatlon  nttd^.    'Tbe  loatruaentat Ion 
f^r<v>tn  l4  nc^t  aon<^llt^lc  -ind  It  Tun  no  single.  ^ueepinK  solution. 
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A  ^e«r  ago-  E  x*^%tA  this  i^ut^cowUtM  on  th«  Iot<ra«€iicy  CtoxipS 
forurlon        «arly  findings.    Slac«  rhtn*  ba«f 


tot  university- funded  «(;uip9tnt  pu^<hue»; 

<i   'JldCviaed  c<rcu:«rns  of  cocatirclal  Ubotatari«9  over 
coiapetUl^n  free  S(Spluad«d  InsrcOnetitarlon  la 
unlv^rslzy  labor«c<rrHft* 

4  ;f   «Jopt«d  4  auUl'£«c«r«d  urion«l  Prograa  to  4ddr«tt«  ^ 
rn«  Jn«rrufe«nt«tl3n  pro&l^. 

Tb«  «lea4Qt3  of  ^hift  rt^tK^itAl  Pr^SriA  ^re  listed  in  ^be  app«q^«d 

E  vould  nov  Uk«  to  dia^u^s  each       thes  In  ^urn. 

')ata  Ac<jttlsltUn.    Thl^  ^ottfflltt«e  '^s  aiVed  *SSr      devel<Jp  "lndl«tor»" 
of  the  ^tarui       ren^rch  In^truaenttr Ion*  In  the  spfrU  of  th«  lndtc«rorft 
gf  rho  4raxe  of  science  and  t«cht)Ology  reported  p«riodicaU;r  by  tiie 
Matlonal  Scleitc*  t^rd  in  lt»  "'^o leitce  indicator s^^  lerlva^    I  yi»suDv  the 
Found^rlon  hts  Stepc  vou  iJifor^e^l  of  ^he  progress  of  chl»  project.  Briefly* 
^  pll4r  purvey        conducrcd  in  the  fall  of  l?al.    Analysis  of  the  reniLrd 
led       ^h*  deslfln  of  ^n  inatnjscnt^tlin  Itvdlcatir  sutvej  *.t;iiri=*r.t  wbl:h 
m  te/lvwed  W  ^he  !nt«4«etwV  Ot«up        further  reflnel.    The  iurvcv 
^ue«cionndlke4  were  «cnr  our  In  I>e<:eober*  1^42.    A  r«porr  <^n  the  resulr^ 
^»KHJld  t>e  av4l)Ljt>U  bv  fjll*  1^3,    Th*  survey  covers  ^  ^trailfled  *Japl« 
of  '•O  inatUurloa*  drjvn-tr<>4  ^aonS  the  ^p  i^  per£or3ttr4  o£  ^cadoaic 
r^iear^h  and  development*    the  £tr*t  roxind  jUI  civer  ^  phjr^tcal  silences 
irF4  t'le  ne^t         IjloloAUal  sCtunces. 


0 


rwUvfid  agency  budgets  for  university  tes#ar<b 
and  worVetl  jointly  ro  a^aure  the  ^xi^u^  possible 
1?^4  budget  re^esra  for  Insrruuncarlon* 


0 


r«vl«v«d  the  t^rocess  for  LQplemeitrlns  tbe  SoO 
inrtuaentatlon  t^rogras  begun  m  ft  1^33; 
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If  auccttvfuir  ifats  piaj«cc  shcnild  piovld«  ^tt  «  cool  vl^h  vMch  i»  i&onl^oi 
coi^i  ImjOuaLir  ih«  siAtvs  of  uQlvcislcjr  itseaich  ijisciucttacacloni  iefltt« 

tff«cilv«i]«t^of  out  «ffoic9  CO  iDAlloncfl        "311^       uad«i9tAnd  b«ciei  tt)« 
4lff«ilng  <utai«  of  i«s«4ich  iTtsctuMQiALlon  ne«4s  aiaon^  ^U*  fields  of 
9cl4nct  «nd  tivftiot*!  log. 

i 

Och«i  9cu<ll««  of  cb«  liuc;uiHn»clon  PE?bl«B  hav«  ti««n  vi  dn  cuiitnilir  belnE 
p«fon«d  by  ch«  A^i  lc«n  ChtalcaL  S^clti^i  ih«  Atteilcao  GeophysluL  Vnlotir 
cb«  Auilc«D  CL4ciioolc9  AducL4clon»  and  ch«  Noich  CAiollct»  5tAc4 

WH«n  1  a«n«Ioa*d  «4illti  the  «Ki3ccac«  of  itceat  indications  of  ittt  mSQlcuds 

if 

v^  ih«  lruitTii«ncatlon  Piobl«3tr  T  i^d  In  olnd  ch«  »3poni«  of  th«  9ciAaclflc 
«(id  «i^ln««rioS  c«^unicl«a  lo  ih«  FY  1983  D^D  tn«iruocncAcloa  Fiogi^A.  This 
vt9  ch4  fiiftc  ol  Clil«  ^nlnl9CrHScton'9  lAfftded  i«0pon««t--to  eh«^^ioblest    .  .  . 
providing  $30  dtllLlon  foi  lo3Ciu»<nc«tloa  *??iicAb\t  co  i^setnl)  In  Aius 
»L«^iic  CO  c'lc  DoD  slsslon.    £>oD  itia  lecelvcd  2540  pzQpomls  In  ci^c 
cD>p4tlclon  fai  ihcse  fund«i  localleg  ^OBHMIbii  in  »qu«9tcd  fed«»l  fund9 
I  b«J.l«v«  thU  P«>pofu«  Indlc^tu  chAc        e^il Ur  tbe  «i»  of 

cb«  unlvAiBliir  lueAi^h  lascruaADiaclon  d«f  Icli  an  noc  far-off  naik. 
On«  aljthi  aiSu«  ^i^^  ihl9  flo04l  of  propo««l9  vAf  c«niain  a  ^leai  oaa/ 

?eih*P«i  bu(  1  d^bc  Ic-    tbfl  DoO  pioS»B  eotouiagM  *ub«iantUl  co»i-ahailttg 
by  ch«  PioPo<iflg  inscnuiionj,    Fuicbetaoiei  chc  picpawilort  of  a  cflnp^dtive 
TioPo«^  vt)ci«  ch«  Piob4bUli7  of  success  it  »en  s      lazi       b«  Iw  (di^  a 
fr^ftCf iloi  1  APpeai9  Co  b«  sb^m        Is  noc  ^  Uak        sclentUc  voul4  undoit^tc 
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lightly*    T4k»n  t(?aecb*r*  thei*  fact-*  '4ugg««t  (?h4t  th*  In   dtiwe  of 
ttlvolgu4  PropoMls  is  unlltuly  to  t>«  hl^h.    FucCb«rr  it  onm  t«cognlctv  ChAl 
d^^  Mtld«  ot  Cttsurcb  vllSlbl^  for  ch«  E^^I^  pcos^^B*  broa<ll]r  dAflnad  though 
U«  wludtt  ^OBc  of  ch«  Physical  scl«itc««  atid         of  th« 

bl4loSl««|  tiEkl  agricultural  sclvnccs,  Chtn  Ic  s«c3i  co  3«  Chat  ch«  tlrsC- 
/ur  c«d70n«t  Cc  Cti*  [^D  pC<>SCda  provldea  addlctocul  supP^CC  tot 
<stlaac«  of  Ch«  unlv«c«lCy  .^jtacch  UtntrusKnCaClon  dcflclC  In  ch<  billion^ 

FtfrtJioa  IniclJtlv*^.    The  PresldenC'a  Ji]f  Sudgac  A«^u«sC  to  chd  CooSt^a) 

r«fl«ct«  «  vary  aubatanCIal  reaponta  co  ch«  ualv«r9lty  c«9Mrct)  InaccuacntaClon 

»  ^  \> 

Pcobl«3.    Tlia  Ik>[>.in«CruBcnCdClon  PtoSras  fcttcUt&t  ^^S^  t9S3  la  slated 

S 

^^mClnuer  4C  cha  vaau  Uval  of  $3^  pillion,    t  uould  llk«  ^  w>ta  chac 
OqD  wotVcd  <:l9««l/  with  Ch«  l^tCer^Sen^  GrouP  1^  dcvalofti^  the  concePCr 
iatittn.  And  ^eitt.tion  cclCacU  foe  its  pcogtasr  providing  i  good  examPla 
of  incecagBacv  ^^ottpfltrtClon^    I  ahoiil^  al^o  iu>c«  Cbac  chare  la  a  ^oaclnulog 
aonctta  In  aose  ^tarcecv  char  tha  DoD  ptogc^a  nay       funded  ac  ch«  expense 
of  oCh^  t^D  funding  pcogcaas  for  unlveralcv  research  ^nd  aay  chua  tiot 
repcaaent  a  teal  Increase  In  ituPpocC  for  unlvecalCy  resctacch  in^CCuaenCaCloa. 
r  d^n'C  kncv  ^heCbec  Chi»       ^       noc,  buC  would  suggest  Chal  Che  qu«aClan 
de«tvei  -^oafa^^lofwl  ^ruelnv,  ' 

Tile  !7SF  ^udgeC  o^ncnina  a  cqIoc  insccuaentat Lon  ChcuaC  for  FY  1^8&.  The 
Igency  twl^  ilraady  pCe^aD^t^d  lc«  budftOC  Co  Chl»  Stibcoaai^Cee t  so  1  will 
JusC  note  a  couPle  of  highlights.    Proposed  fundioS  for  ceseacch  InsCrgoenuCloa 
i-i    up  6t>Z  Uoa  n  IJSJ.  ioft;  ftoo  fV  l^SJ.    Th*  Foundatl<5n  inCend*  to  «i«n«g« 
Uj  t.v«c7ti?entaCion  Progt^af       t  dl«p«r4cd  oode  raCbec  Ch4n  in  i  itlnSle 
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cflntTillV  i;:i[VkS«cl  ?TDaTja.    pit*  1^  ^  J*lJT>#T4tif  *tTat*gy»  torroded  to 
«n*VTis  cti«  b»t  poft!fibl«  fit  betu«eiQ  available  £mid«  and  the  dlfKcrLci^ 
tH«U4       ttitt  dljclpllnici.    ^^>,^T  of  th«  fuujs  vlll       invented  Through 
tallvtjwil  project  graflti,  or  aajor  facHltle^.    However,  a  ilgnif itaat 
f><iTTl<>n  will  b«  handled  bv  aP«cUl  Jnd^Tua«ntatlon  PrOftraw  at  Th« 
division  ^dlqclpUfury)  level.    t1i«h  progTdDfi  will  opar^t^  at  a  l4v«l  of 

DoE        (^T<>po»«)  a  $6  aillJon  s(^«cUl  instru&entar l<>n  initUrlvv  In 
nr^l9t^t  inrnnJ^d  for  «<iul^nc  coirlnS  $iOo  thouaaixl  ut  si)ta*  to  u»«d 
In  enflrgy-TeUt*d  res^-Artli       aajof  unlwsltlea.  HsinrenJSm* 
<>PeTaT^fiAi  coit5  AT«  elUiblf  for  suPPOtt       ctiU  pto&r^*  In  a<)dltlon  t<> 
a^^uinlttoci  tliij  la  4  valuable  and  Isportanr  fcaTuTe,  one  1  would 

^Tg*  oTh«r  dg4nclM  to' dd^pt  in  th«lT  Ina tr uocnta t Ion  prograos. 

;tlH*<f  FY  l'>at  Sud»C«C  4hovi  A  ^10  allUon  lnCT«a»«  for  In^ttiuuntarlon 
In  cti«  Dtvl^Lon  of  RaieaTch  Reiourcci  Special  E<1ulPd«nt  FroSrao.    This  20oi 
Increflse  ovat  tha  re^uaated  «»tint  (^i^lUlon>  va»  tnltlared  by  Congras* 
In       »Tlon  1  heartily  ^ppUud. 

NA'^A  ha»  noT  d»t4blUti«fj  a  5aPATat«l^  Idenr If  l.xbl«  inStTuoentatlon  ptoSmiq* 
but  tt^'^  Usucd  4  dlTCCTlv«  CO        pTogj^^u  offlcar?  CO  glva  jPecUl 
con>lJerat Lon  to  in^truaentatlon  In  ^varda^to  unlveraltlaai  ^ 

USDA  U  giving  continued  cflflalderatlon  ts  oe^na  of  focusing  gn  r*^^T<A 
tnarruBentatlon  In  Us  R  S  D  PifoStaQs^ 

^tlauUte  DonJtlona  atid  OUc^Junt^.    During  FY  1982,  ;*ST  InltUrcd  cv* 
Int^pst  tnft  ^JtPer  iMnr  i  ahl^h  *oga<*t  w-^i^^  In  vtil^h  f<ider  il  prortriM  olShc 
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b«  Msn*d  with  PrlvAt«  c»ei.tgc  «ffotc*       di]dr«89  Khi  Inatrunuitdt ion  Probl^n 
Th«  ilKtr  Involved  a  9cl«at«        «a^tn««rln&  «duCdcton  fro^ru  In  uhUh 
grdnr««>  <tcv«lop  c^i>uc«r  softwar«  (*'toijrd«u4r«")  for  th«  cea<;hlDg  of 
fi«ch«aKlcft>  fcl«iic«r  or  cn8ln««rlng>    This        really  J  concliluaclon  of 
a  l4Dv-»CaRdlag  Foun^AClon  progrjv       ^htt  TtiaA*    Th«  ovw  f«4cure  her«  ua» 
CMC  w  Fgundftl^a  fu^s  *f*rt  Provided  i<>t  cDf^c«r  ac^uJ^l^ion  undtr  Ciio 
proSraa^    RAth«r>  ch«  necessary  noaputbrs  v«r«  {li>nAtcd       iivt.  tnanuf Attiirers 
to  r«tlpl«iiC3  of  H5F  a^r^lft  choa^a  throuSh  ch«  norn&l  Pttr-revlev  Prot«$a. 
Xtii^  coc^l  vaIu«  ?f  ch«  fl^aiCtons  exceeded  $')00  thous^ndr  vhllc  che  cotal 
ttSF  fund*  oblU^cvd  v«r«  tub^uncidlly  less  ^tian  rhl^  aoouitc.  ^ 

The  <^t!ier  cxPerlaant  vai  Performtd  in  «  progrnSB  c^?  yTowid*  foi&pucljt^ 
4qiilpiient  for  research  In  ch«  Sketheaacical  acleacedr    A  slfiSle  aanufaccucer 
iftreed  to  l^r^^vUe  Jn  excitpc lonally  d«aP  iUtOonc  (45t)  to  alt  i^rograc 
auerdees  reluegtlnS  cl^At  aatiuficmrer ^9  equlpa«ncr  peraUclng  che  Foundacion 
fuftd  Qore  pro^dala  jtnd  co  et^ulP  chose  funde<!  adr«  adequaceiy^ 

The  tJAcloOAi  Science  ^srd  entournl$*d  Potrndji c Ion  ^caff  exPior* 
other  opportunities  f<?r  ituth  cooPer^clon  vlth  the  private  -lectorr  and 
c^ese  inlcLil  ex^i^l^^  have  been  ^Hacussed/bv  the  Interagency  Groups 

The  EcoitODLlt  t^covery  Tax        of  X98l  has  provisions  incendetj  to  sttsulato 

donations  of  researcji  *qwiPmnc       oanufacturers  co  unlvetslcUs.    MSF  ^   

Has  lftltUt«d  vlth  aanufactur«r«ri>ocn  lodivldv^liy  and  through  induscrv  ^ 
^ssocUdofiflt  rffr^rts      encourage  uM  «f  ^he  lnc<tntives  of  che  Tati  Accr 

The  response  has  b^en  alxed  andr  or.  ^he  i/hoUr  dlAappolncing.    S<}ae  ^  ^ 

aanuf^curers        Increasing  eluiPacnt  donarlona*  t»oc  often  for  rcas<^^lS 
iPP*rentlv  unreUred  co  cbe  Tax  Act  Incentives*    Others  r*P<>rc  that 
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ctirrint  «cpp£>tilL  t^oad  it  i^it*  t>r«i  luJ«  JuHfltlani*;  ^  th«rtf  arc  t^o  (^r^fits* 
thar«  ar«  oo  tax%9  and  iiaht^  ao  Inctatlves  tP  donflt«p    Still  others  report 
tiity  dr«  Jvdlttns  iMuancc  «f  IRS  ttsuUtlou  iDploDentips  tha  reltivdnt 
provl«i0iu  0f  th«  Tu  A£t,uhlth  vlll  ttnabla  tha  to  Jisdgfl  the  vdlu«  of  th« 
laC4atlv«ap    H«r«  v«  »eD  to  haw  a  najor  protrlasp    Uhat«v«r  say  b*  tha 
rt^soaa  for  tha  failuta  of  JRS  to  hava  UttusJ  tha««  r«gulAtioa9t  aorc  than  *^ 
a  yw  after  ^5«a$e  of  tha  A«t,  tha  itaUy  la  nulUfyfaa  tha  affatt  of  tha 
tncaatlvaa  tha  Congrasi  butlt  into  the  Act,    Be<^«ude  «f  the  ta^tiireMnt 
that  aqvif3«nt  ba  donated  'wfthin  twg  ye«r«  «f  Ptoductloa"*  aora  «quipaaat 
bccOQsa  Inallglbla  vlth  aath  day  of  further  dalay*    The  Director  of  tha 
^tloaal  Stlanca  r«uadatlon  vtotft  tha  IBS  Id  Aptll  of  1982  to  lak  that 
tha  raGalatlj>cH-tfritine  Pt«ca4»  btt  axpadlt^^  "^^^  ™  vl9ibJa  r»ult  so  fat, 
I  would  urfta  OI^Tr  and,  if  aacaaury*  tha  Congtaas  to  prasa  the  IRS  to  do 
it9  ]q^'    The  tl^natioD  provlslou  soy  ba  a  relatively  sioor  oattar  In  the 
general  tax  stf^ijKttira  of  the  (oudtry,  but  they  could  hav«  A  slgnlflc^at 
poaitlva  affect  oa  tha  raaaarch  injitruaantatloa  problea>  it  sanufa^tutrar* 
knew  vhat  tha  ground  rules  ware  for  ualn^  thaOp  | 

Soall  aualoeaa  Set-Mlde,    In  1^82^  the  CoOgresA  pAasad  the  Sciall  ^Unass 
Dcvalopsent  Act*  reqtiltfn^  9«t*^lde9  in  tha  budgets  o|  R  &  I>  funding 
agencies  for  support  of  R  &  D  by  null  btMtne^ses,    The  H^tional  Science  ' 
F^undatioa'*  Satlt  Buslneaa  InaovAtloa  Research  FrOKr^in*  Initiated  lo  1077* 
vaa  idmlfied  in  tha  Act  a«  a  Prototype  for  suall  btialoesa  prograos 

astahllahed  under  thv  Att*    The  Interagency  Group  has  di5£ti9**ed  tlis  Idea 

\ 

that  eone  portion  of  the  dgancles'  ssali  bti^laess  pro^raca  nUht  be 
focused' tpK  if  Ually  on  firas  engaged  In  develciping  highly  sophisticated 
rasur^h  In^trubent4ti0a*    Thla  olght  IfKrease  the  ln^eatlv«s  for  r^Pld 
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<oti&erc«t  rnMnc*  utiivrr^Lty- Industry  InObr^cc lo(V»»  and  Pro^ca  ch« 
dflVfliopsttdC       iaporCdnc  n«u  c echno lo^  1«9 1  ^Ich  ofcrn  b<gln  vlth  tbfi 

brOAJ«r  &ar)cec«»    ;An  »x4J>Pl«       cl^^  Lj^4ri  vlilch  aov«d  frca  rl]«  l^bor^tror/ 

tn  ev*rv  »up«aarkec  chtcV-^)uc  #c*oJ.>  ^. 

Tb4  fofindj^lon' 3  Soall  Eu^Lnn^  Innovation  R«»«arcb  PiroSraa  has  hl^cor icaliy 

rDC6ura^ed  Inacruunr  sunuf actur rrs  C6  co^ete^    Jo  4atri  ch«  pro^raa  hait 

r4c«£^«d  23d  Ptro^^dU  froa  such  £trt»$  and  ha^  Md«  26  au«rds.    Tho  ^ 

foutuUtlon  «xpe«t3  to  gt^r  added  eapha^la  ro  dull  ItisrrusentdtJon  flnos  j 

1 

fC4  -idlk  {>r^Srjo  «xpjndf  In  9Jlr«  und«r  ch«  provtstoas  of  chd  Act.  och^ 
jHcnrl^^i  ;>oCsibi/  lk>£«         Providing  ^iatlar  vaphases  in  rhcir  projraas^ 


(ir  vay  to  a/tacJc  J 


P^oblen  Hk«  the  onr  und(tr 
dUcufft^n  La       Pro^tde  addc4  rc^ot^rceii^    Another  ts  to  ua«  the  resourced  ^ 
tn  tiaod  aore  rfticl«nciv.  uisrtv.iord  crt^attvely.    UhiU»  a»  a  univervicy 
adatniAC ra^ar »  I       PreP^r^^  to  crucipet  tnc  ivanv  vircucit  of  the  Ac^rlcan 
rrieatch  tiniver^iicvt  i  vould  nor       pr«;arvd  CO  pireiienc  unlversUles 
paragons  of  ortdp>  tight  mafiagcQtinr »    'Hierc  are  good  and  Proper  rca^on^ 
for  ^ti^c  in  r!)«  ^?et^Uti  c^racr«r  ^nJ  turure      jn tvers  1  r les »  Tfcv^r^h^^ltf^s* 
r  bcH^vc  thiire  i^  Incr^j^LoK  awireness  in  rhi;  untversitv  cocfiunicy  riiat  " 
'^n^rovesenc f  If^  t^c  var  va  aacktge  the  research  in^cruq^eti^^tlon  Probles 
ATHt  po^^ibU. 

Ho^c  of  rh^  ail^rt<l«^  reprc^enred  i^i  c^e  tfireraKencv  Group  'iav«  ^ocslu^d 

T  luah^lv^^  to  L..k,iaf  .>rattv*>  .apporc  of  a  aalor  Proict-t  fo  tncr*;a^e  a%.arv»ni;** 


479 


a=«)oii  resCikKh  tjt^lver^it It i  ot  uPPotCjinitt^s  fcr  t^octer  pUnnln*  and 
cBda.i^eaenc  '^t  rosijrch  insc rurentaclon  resources*       4iL  levels  trotn  clw 
t>ciicn  -iciencli^  co  bo^rJi  of  crtiace<^»    The  project  uiU  be  carried 
under  chi:  Le^JorshJip  of  ci^r^e  unlv^ralcy  jrgjniuclonsT  che  As^clatlon 
^erlc>^n  Cnivor^titiwi        NacU>nal  A^^J^i^ion  of  3tdC4  Ut^lver^i icles  ^nd 

Iftcly^it  th«  eomtsslontn^  ot  six  aralvses  ro:  '  w'/Ve^/i^ 

o   jv^f^c:!:,  the  role  oi  uebr  tln^knclng  :or  rcstarth  e^ulP^nc 
tn  iotind  xinJlvttril^^  flnancUl  Practice; 

o    Id^^ndtv  and  i^valudte  oppofcutilcles  Co  luprOvc  the 
Ptocurcc^ent,  lunsgerKnCt  otlllzacloD*  op^radont  And 
nalntenance  of  f*^earch  equtpa^nti 

o  assess  pre^jtftt  t*x  tnceftCivcs  for  che  donation  *f  re^ear^h 
e^ulpoeitt  Jtnd  -iuKSedC  wav^^  CO  inctea^e  supporc  froo  che 

o    IJenctfv  oPporcunlr  ics  to  ellainare  '>r  t^u<c  ^t.ite  and 
«niveriit\  budJSet  and  othur  pollcv  barrier^s 

^    Idonti:/  opTiorrunicles  for  than«e^  in  f^d^ral  reg^:^^tton^^ 

o   ^vaLudte  ^rtstnt  !sode^       d£r<ct  tederai  Inveataeiic  ^ttd 
juigg^st  future  laproveaent^i . 

included  Hire  plans  co  ProP^SaCe  Lnfotsiclon  jnd  un^^erstjndlng  through 

rvencv  ^j^c^Jlivirj  nchcduL  d  co  i^oinclde  wlch  professional  ^nd  aj»4o<£atlon 

*^etJnft^i  three  reSlooil  seettnn**  ^nd  4  national  ivapo^tuQ^     I  believe 

thl*  projoct        Krtit  foce^itldi  t^t  induttn*  ehanSus  In  tUv  jsanjiterijl 

JtU  PLantnii  PracrL^e-*  yi  unutt^tties  jn^J  their  :.<;Unt:^t^  md  enStnei>r^^ 

ro  oPtinlze  use       >(:ar<:t  rea%nirco-*  In  providing  univ^t^itv  r^s^arch 

tmtrinenratlon^ 

Gjvernaent  Ltbor^tar icj'         ijLorit\>riii'>  .uPpotted  t>v  aar.v  aj^^-a^ie^ 
Che  iejerat  A^vertOCnt  jrt  ^  aajor  njclonal  iclenrlfl*.  fesoiirL,e»  ab-^orb 
J  Ur^tt'  -jMrtlf^n  ot  the  ii:vJtrsii  ^  *  t>  ^tfJ>;et^  anci  ^lont^ln  .1  ^rc*'  Joal  of 
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T44v-Aich«rii  uit^^i  ted>il>l^T  c^'iJtk  It  aov  l^,         ^^tu  fltild:fi  such  hH^h 
^tititify  Phvstcij  j<i*l  litrdQ™^  ptovlaloii  of  fjclUcleJ  ^ad  tuatrutiencac  loa  ilt^adV 
1j  Che  cencul  puipo^^e  of  /ed« rally-funded  l^boiJCor Ic:^ >    Bui  in  other 
^teldi  ixni      ctttiX  ljb(rf^>Ci>rietf»  tt  aiay  be  Chat  Ut>oT3C0fy  racllltlefr  and 
Iti^crucentaclon  ^ghC       u4<4  bv  unlver^lcv  rti^earch^id i  utchouc  cc:&i>70Di9iQ^ 
i^ndt  lad^edi  perhapii  t»n^QClng>  the  P^rfoisance  <>f  tiic  La^outoiv^  The 
tnceialSeocy  CicuP       c.>n!» ideiflng  this        tiovit       Is.  I       coLdi  clie 


current  OST?  levlev  ot  the  federal  I^boiacoi les«    ^£        in#Ma4  dt^  aeeacV" 
vide  Pubi;catlpn  encout^ata^  eTttiriiAi  use  of  DoE  faclllctc*  *nd  equlpocnt. 
I  belipuQ  ic  deseiuea  careful  atc<:icl;>R4    li  aPpiopriAiCe  seiulc^  the 
uniuei'ilCv'  r^^ftatch  c^munttv  could      e^cibli^hcd  a^  P^rt       the  al^slcn 
ot  flativ  U^et^l  Utvot icor lea»  tathet  ch^m  an  occasUnal  anclllarv  Purpose. 
I  Chink  t^l^  i^cutd  be  a  ^l^riLfUaT)!  ccntribucfon  to  -solution  of  the 
tn^^iucenCaC Icq  probleai 

The  'MCl<>n^i  ptogt^o  <>i  cht  InCicagencj  U'ofklnA  GrouP  on  Unluar^lcv  Rtsearch 
IiiatruO€!ncailoa  uhich  I  Kav^  outlined  here      4n  j^^tbttlou^  ^ne.    It  Incluide^ 
EoU;i  fot  jjouernaent^i    fodetal  ijincleij^  tnduatrir,  unluer$ltifi;i^  and 
^<:ienclfic  ind  ert^lneerfng  cdncunlcl^^p    }tc  <>ne  of  Icji  eleoent-^  can  jlone 
solve  Che  lascruQentHitiloh  ptobUsi  utlL  iielp^  itid  cjiWn  roe*cin;t  th^v 

aav  do  the  ttU\^ 

I  stSfl  In  Che  t^uda^t  mi^claclvea  fot  Ins ctiJtwnM Eton  in  ^^^^ 
tn  Che  eleaenti  of        Incerigv»ncv  (iroup' t  natliioat  pro^tio,  cKv*  bei^inninft, 
ot  Id  eirectlv^  ^t^*iCK  on  th*?  lo^Ctyntncat Ion  Problt-an  InsttuwnCjtlon 
pto-trjo  Itfvet  lAcrv»3^e3  froo       i^^^  Co  l<>*i^  *ho«i  in  th?  chart  Cotal 
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sllllon.    Chat's  4  gf*>d  '*tdrt*    1      [artlcaUrly  encourjfed  hy  the 
^tlonjtl  Scltinc4  F<>un<UtlQa*d  ?Iaoa  tot  FY  la  ch«  currcat^conocalc 

cLl^c«f  thiJv  repr^Js^nt  i  rct^rLabl^  A(;hlev€fient  tv  che  leadcTshlpVf  the 
Founditlon  4nd  of  OiTP.    1  hoP*        OmUtesJ  will  f^nd  Ic  pQ^slble  coX 
:iupport  ch«si^    3vc  If  we        going  co  cake  rul  lntoad:f  on  che  ini»cruQ«acJ^ 
probiao,  I  beilevtt  Eurthcr  stibst^tiic lai  budgc^  ialtUtive»  oiu^t  be  tty 
th«  och«r  d^«nclc^.    Afkt  In  -Addlcioa  to  aon^i  I  bel£«ve  the  ffideral 
g^v^rnarnc  most  coatLnue  to  provide  lud«r!»Mp»    It  caanoC  do  th«  whole  Job 
&y  icstiif;    Ch«  ^tiltiQtlflv        engineering  coaounlc b:}f  tiit^  unlversit Ictf 
and  Indurtrv  tj^z  do  rh^lr  r^rt-    Buc  I  thlnic  tho  Inporcancc  of  federal 
leadership  can  be  3«ea  li)  che  non-budgecary  eleoencd  o£  cho  Incera^ncy 
i;ro«(^N  national  pccgrioi  4ftd  elsjcvhere*    Fltiall/i  I  Mltv^  «  ctus(  stljJr 
CO  (>at  ijuo!**    We  Inve  j  sood  ^tjr^  *n  solving  a  Probleo  which  haa  developed 
over  T'^re  chjn  a  d«ca<Je»  It  taay  caice  che  better  part  c-t  Af^otti*^t  decide  to 
couplet*  ^t)e  )<^b^    Tor  ctil-^  e£*jrci  I  cMnk  ^'jc^v  the  court;e^'  truly 
Impropriate  adsonitloa. 

fJr*  Chdlraan.  that  cccpi^tes       jtat^oent.    I  would  be  pl«asieJ  to  ^in^wer 
in^  quei^tlon^  you  and  vour  coUeaguCii  tsav  hJV4i 
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Mr  Walojikn,  Thank  you  \i?ry  much,  Dr  Lan|;eiioerg, 
Dr.  Okon. 

STATEMENT  OF  (iKORGK     OLSON,  V  UT:  iMiKSIDKNT  FOR 
HKSEARCIL  COLORADO  STATE  UNIVERSITY 

Dr,  Olson,  Thank  you*  Mr.  Chairman,  members  of  the  commit- 
tee, 

I  believe  I  wa^  invited  ht-re  to  bpeak  becau&e  of  the  debt  manage- 
ment program  we  have  been  involved  in  at  Colorado  State  Univer- 
sity for  the  pabt  beveral  j'ears.  My  thebi!^  to  thib  problem  is,  *Tsn't 
it  time  wc  nelped  ourselves?" 

It  is  estimated  that  universities  will  conduct  $6  billion  of  re- 
bearch  activity  this  year,  funded  from  both  public  ^nd  private 
sourceb.  Let  Uis  suppose  that  ^^e  need  SI  billion  in  new  equipment 
to  start  the  rehabilitation  of  university  laboratories.  Why  not  fi- 
nance this?  One  billion  dollars  of  new  equipment,  financed  at  10 
percent  over  the  next  5  years,  would  cost  us  $264  million  per  year 
or  just  11  percent  of  our  total  budget.  This  is  less  than  half  of 
what  our  counterparts  in  industry  spend  from  their  research  bud- 
gets for  research  instrumentation. 

The  debt  financing  of  scientific  equipment  provides  benefits 
other  than  just  the  acquibition  of  hardware.  First,  it  provides  equi[>- 
ment  now  when  it  is  needed  Scientific  progress  is  not  delayed 
while  waiting  for  an  equipment  giant  that  may  or  ma>  not  arrive 
and  when  it  does,  onl>  provides  half  the  needed  funds.  Tax-exempt 
interest  rates  are  generally  lower  than  the  infiation  rate  on  equip- 
ment, so  besides  obtaining  equipment  now,  we  ^\ill  never  obtain  it 
at  a  lower  cost. 

Second,  debt  financing  encourages  better  management  on  the 
part  of  university  administration.  When  asked  to  undertake  a  debt 
financing  program,  administrators  develop  an  a^\areness  and  inter- 
est in  the  research  prpgrani  and  activel>  participate  in  itb  planning 
and  growth,'   '       '  ' " 

Thirdi  debt  financing  results  in  improved  equipment  utilization. 
When  a  professor  struggles  to  get  a  grant  for  a  piece  of  equipment 
for  his  laborator>t  it  is  his,  and  it  probably  ought  to  be.  He  may  or 
may  not  share  it.  However,  debt  -service  on  equipment  generally 
comes  froni  a  number  of  sources.  Shared  use  means  lower  cost*  and 
it  becomes  the  preferred  mode  of  operation.  Debt  financing  can 
ensure  the  constant  upgrading  of  equipment  and  its  planned  re- 
placement. 

Fourth,  debt  financing  develops  diversified  funding  support  for 
equipment.  Debt  service  is  met  by  user  charges  for  the  equipment 
Th  is  mc^ans  that  all  agencies,  public  and  private*  supporting  re* 
search  utilizing  a  particular  piece  of  equipments  shire  in  the  cost 
of  that  equipment— not  just  the  National  Science  Foundation, 

Can  debt  financing  work?  It  has  at  Colorado  State  University, 
where  about  $40  million  of  scientific  equipment  has  been  provided 
lo  our  research  program.  The  mechanisms  that  we  have  used  and 
some  of  the  facilities  that  we  have  financed  are  summarized  here. 

Revenue  bonds  have  been  used  to  fund  a  laboratory  for  disease 
control,  a  research  farm,  and  our  first  scientific  computer 
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Industrial  dt-vt-luj^iiH-itt  bi^nctb  hdve  been  issued  by  the  appropri- 
ate* city  or  c'OLinty  tu  provide  a  million  research  ^service  build- 
mg,  tht!  $9  million  Craj  I  computer  which  we  lease  to  the  National 
Center  for  Atmospheric  Research,  and  we  have  a  pending  issue  for 
the  Cyber  20^  supercomputer  for  our  National  Supercomputer  Net- 
work- Colorado  State  Univerbity  is  the  only  agency  in  the  world  to 
own  both  a  Cray  I  and  a  Cyber  205. 

Municipal  lease-purchase  contracts.  This  method  of  Tinancing  is 
used  to  ijrovide  innumerable  pieces  of  equipment  costing  between 
$100,000  and  $1  million.  These  have  included  satellite  tracking  sta 
tionsj  a  computer  operating  system^  many  VAX  and  minicom- 
puters, various  aircraft,  electron  microscopes  and  so  on.  . 

For  bmall  pieces  of  equipment  we  use  tax  exempt  revolving  lines 
of  credit  that  our  Foundation  maintainb  at  two  local  banks.  This 
revolving  line  of  credit  provides  the  stock  in  trade  of  the  small 
equipment*  from  a  f^w  thousand  to  $100,000,  that  is  needed  by  all 
of  our  researchers. 

Obviously,  once  >ou  have  borrowed  the  money  to  Tmance  equip- 
ment it  must  be  repaid.  This  is  generally  accomplifhed  through 
user  fees  paid  by  the  research,  projects  for  the  use  of  equipment. 
U:5er  fees  alwd>s  include  both  prirj^cipal  and  interest  payments  for 
acquiring  the  instrument,  and  they  may  include  soch  other  ex- 
penses as  maintenance,  operators,  and  so  fo^h. 

Until  the  recent  amendment  to  0MB  Circular  interest  on 

equipment  nnancing  was  not  allowable  unless  the  instrument  was 
leased  from  an  arm's-length  agency.  This  was  one  of  the  reasons 
that  we  have  used  an  afHliated  but  arm's-length  agency,  the  Colo- 
rado State  University  Research  Foundation*  to  manage  our  debt  fi 
nancing. 

We  believe  that  equipment  acquisition  and  Tmancing  ough.  to  be 
the  responiiibility  of  the  university.  It  is  the  responsibility  of  Con- 
gress to  support  bubic  research  through  appropriations  to  the  Na- 
tional Science  Foundation  and  other  agencies.  Basic  research  bud- 
gets should  include  an  adequate  allowance  for  use  charges  for 
state-of-the-art  stientific  equipment.  Once  universities  begin  to 
manage  their  own  equipment  acquisitions  on  a  businesslike  basis, 
they  will  continually  be  upgrading  their  scientific  equipment  in  r9- 
,  sponse  to  demands  from  the  growth  and  development  of  their  own 
research  program. 

I  would  like  to  close  with  a  practical  comment  and  a  request  for 
assistance  from  this  committee. 

Debt  financing  is  not  eaijy.  It  requires  the  manipulations  of  many 
different  kinds  of  financial  instruments,  the  cooperation  of  invest- 
ment bankers  to  sell  unrated  btor>  bonds  drstory  paper,  and,  final- 
ly, the  caa'ful  and  expensive  opining  of  tax  counsel.  The  require-..^, 
ments  of  0MB  Circular  A-21,  complexities  of  the  IRS  code,  and  the 
innumerable  IRS  regulation^  discourage  many  university  adminis- 
trators from  goin^;  forward  with  an  equipment  financing  program 

The  legislation  I  have  had  the  audacity  to  propose  here  would,  in 
summary,  make  interest  on  obligations  of  colleges  and  universities 
and  their  not-for-profit  organizations  for  the  acquisition  of  equips 
ment  and  facilities  for  scientific  or  educational  purposes  tax- 
exempt.  In  summary,  >ou  could  give  me  SI  billion  today,  I  will  go 
home  and  upgrade  my  laboratories,  but  in  ^>  years  I  will  be  bock 
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becaa&c  b>  then  U  will  bo  out-of-date,  except  I  won't  ask  for  $1  bil- 
lion* I  will  jbk  for  $2  billion  because  it  will  have  inflated  to  that 
price  b>  then*  or  /ou  could  make  It  eabier  and  more  direct  for  us  to 
do  our  own  debt  financing,  and  perhaps  you  will  never  see  me 
again. 
Thank  you. 

[The  prepared  statement  of  Dn  Olson  follows:) 


A 


485 


0 


Statement  of^ 
Ot  >  Gcotge  G.  Olson 
Vice  President  Research 
Colorado  State  University 


Before  the 

Subcommittee  on  Science  Research  and  Technology^ 
U>S>  House  of  Representatives 
March  3,  1983 


Ht*  Chairman  and  Members  of  the  Conuntttee: 

<* 

The  direct  relatiofi  between  this  counter's  declining  leadetshlp 
in  high  tecimology  and  the  obsolescence  of  ouir  university  sclen* 
tifir  equipment  has  been  well  established  in  the  recent  book 
published  by^  Hatpet  and  Row/  "Global  Stakes/  Th^  Future  of  tilgh 
Technology  in  America"* 

T;aditionally/  the  solution  to  the  problem  of  equipment  acquisi- 
tion       coiiC  as  outright  grants  ^rom  university  bud^etSf  state 
appropriations/  endowment  fundSf  corporate  giftf^  or  the  federal 
government.    These  sources  at  best  ^re  irregular/  inadequate  and 
in  times  of  severe  budget  constraints*  improbable* 

Isn*t  it  ttme  we  helped  ourselves?    It  i^^  ^^jcin^ated  that  univer* 
sLttes  will  conduct  $6  billion  o£  re.^earch  activity  this  y'^ar 
funded  from  both  public  tind  pcivat*?  &ou/ces»    r^t  ui.  suppose  that 
we  need  at  least  51  billion  in  n^w  equipment  to  start  the 
rehabilitation  of  our  university  laboratories.    Why  not  finance 
It?    One  billion  dollars  of        equipment  tinanctd  at  10*  over 
the  next  five  yearc  would  co^t  us  S204  million  i*t  ytat  or  jiiijt 
ot  our  total  bu<Jfjet »    i^o  icarr^cd  lotct  year       the  Hational 
Research  Council  h-orks.hop  on  nevjt^ilizinq  l.al,f>rtit<jrv 
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Instrumentation  that  the  t  itxo  of  capital  eKpendxturos  to  operat- 
ing budgets  in  industtlal  research  Xabotatoties  wac  about  Wo 
ate  talking  about  less  than  half  that  amount  ov<jr  the  next  five 
years  to  provide  us  $1  billion  in  nov  equipment  imH-  Obviouslyi 
If  ve  only  wanted  to  acquire  s250  jniilion  in        equipment  under 
the  same  terms^  Cut  debt  service  would  be  only  one'^four^h  as 
tnuchi       barely  1%  ot  our  total  expenditures  for  research. 

Universities  can  and  tnast  adopt  a  businesslike  approach  to  equip*^ 
ment  financing  jin  order  to  provide  constant  upgrading  of  their 
facilities  on  ^  regulari  planned  basis^    The  free  enterprise 
system  has  developed  the  mechanisms  to  address  this  problem. 
Simply  stated^  we  need  to  establish  o^J^  oBlectT  ;€^fi>r  rcstrer^h-? — 
-as seaa_ou_r_ needs  to  achieve  those  objectives^  evaluate  our  fiscal 
resources!  plan  our  cash  management!  conduct  a  risk  assessment 
and!  'if  warranted!  undertake  debt  financing  to  achieve  our' 
objectives.    Unlike  their  counterparts  in  business!  universities 
have  available  to  them  many  more  mechanisms  for  debt  financing 
that  are  under  more  favorable!  tax-exempt  teriftS,    These  include 
revenue  boi:ds/  industrial  devejopjnent  boi:dS;  municapaj  leares/ 
and  tax-exempt  lines  of  credit- 

The  debt  financing  of  scientific  equipment  provides  other 
benefits  beyond  just  the  acquisition  of  h^c^dwarc. 

0         First  *■  It  provides  equipment  now*  vhon^  it  is  uf^ed^yd- 

SciCntilic  progress  ^s  not  delayed  whilf>  ^^dtting  tot  an 
equipment  grant  that  i^ay  or  may  not  ^^tr)^.*r  ^^nd  wbon  it  dof^  ^ 
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onlit  provides  for  hall  the  needed  funds,    Tajt-exempi-  inter- 
est rates  ate  generally  lower  than  the  inflation  r^te  on 
equipments  fio  besides  obtaining  equipment  nowr  ^nd  including 
Interests  costs*  it  Is  never  going  to  be  chear>er- 

Second  -  Debt  financing  encourages  better  managefrtertt  on  the 
part  of  the  univecstty  administration-    When  asked  to  under- 
take a  debt  financing  progcacn^  administrators  develop  an 
^awareness  and  interest  In  the  research  program  and  actively 
participate  in  its  planning  and  growth. 

Third  "  Debt  financing  result?  ir  iitiproved  equipment 
utilization/  when  a  professor  struggles  to  get  a  grant  for 


^_piar>ft       equipmi^nt:  fnr^his  laboratory^  it  is  Mfi  and  it 
ought  to  be*    Ele  may -not  shate  it,    Kowever^  delSt 

~^%rvTC5non- equ^p^nent^en^i£a^y^  comes  from  a  number  of 


sourcesf  and  shared  use  means  lower  costs  and* it  becomes  the 
preferred  mode  o£  operation,    Dc^bt  financing  also  assures 
constant  upgrading  of  o^uipntent  a^rJ  its  planned  replacement* 

Fourth  ~  Debt  financing  develops  diversified  funding  support 
for  equipment » ^  Debt  service  is  met  by  us,     charges  for  thp 
equipment.    That  means  that  all  agc^ncies*  public  ^ind 
private;  supporting  research  utilising  a  pattioutat  piece  of, 
equipment*  share  in  eho  cost  ol  that  cquipneivt  -  uot  J^sr 
the  national  Science  foundation, 

You  may  question  why  90  tci  all  the  trouble  f>f  financing  w*  mi 

It  would*bo  so  much  f^-^^pltr  juct  to  Kase  a  jjiocc  of  tquipmont, 
Cortainly  loading  should  ^-Iw-jy^  V^v  invi^st  lijatf  fJ  and  if  it  *r  !■ 


489 

ERIC 


488 


expensive/  It  shouJd  be  considered.    E^owevec/  thece  arc  still 
some  a^dvtiiitages  to, debt  rinancing*^  Unlike  industry^  where  pru- 
dent judgment  ni^y  allow  d  n^w  piece  of  equipment  to  lofie  money 
tft^  fifst  yeac^r  b^^a^  even  the  seconds  ^and  contribute  to  profits 


the  thirds  universities  must  gpenecate  debt  service  froro  the  first 
day  equipment  is  acquired.    On  laajoc  pieces  oC  equipment*  deb^ 
financing  can  be  stcuctuced  £^0  th^t  the  £LCSt  ye^..*s  debt  s^cvice 
Ls  capital^ized  and  actual  payments  are  not  required  until  the 
second  year*    This  gives  the  laboratory  time  to  "shake  down'*  the 
equipmei^tt  develop  a  usee  base*  and  overcome  lov  utilization  dt 
first. 

Can  <Jebt  financing  vorb?    it  has' at  Colorado  State  Uni^csity 
where  about        million  i-^  scientific  equipment  and  facilJitxes 
have  been  pcouiied  through  the  debt  financing  acti^vities  of  the 
Colorado  StateTjniv^erstty  ftejjeafch.Eounda^ion  (jCSURF) .  The 
mechanisms  CSURF  has  used  and  some  of  tlie  facilities  financed  are 
summarized  hecei 


Revenue  [^onds  -  Issued  0:1  alf  of  the  university  have 
provided:  a  laboratory  for  disease  contcolf  a  200  aoce 
research  Carm»  an  ircigatio^  sy^temr  a  CDf  €400  computer^ 

Industrial  Devolopmynt  Bonds  -  Issued  by  the  appropriate 
city  Of  county  foe  CSURF  have  provided:  S6.6  million 
research  Service  buildingr  a  09  million  Cray-I  computet 
which  we  U-       to  tho  tJ^LJonal  Contet  for  Atmospheric 
Roflcacch  Ml  fiouldoc^  Colorado*  a  f.ending  iP5uf-  for  a  Cyboc 
20^  supccccTiEjUtcr  foc  out  ^■^tlon^ll  Supt^rccm[jLitec  Network. 
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Municipal  Leased  -  purchase  Contracts  "  This  method  of 
financing  has  been  used  to  provide  innant^^r^ble  pieces  of 
equipment  costing  between  $IDOfD0O  ^nd  $1  ntillioni.'  These 
have  included  ^  satellite  tracking  station*  a  coropirter 
operayng  system/  VAX  *ind  other^mitli-computersy^ iircraft"'/ 
wor^d  pcocessi'ftg  sysb<;rasr  el^ct^ron  ttticroscopeSf  X-ray 
equipmentf  radiation  confritersr  etc^ 

Tax-exempt  Revolving  Lines  of  Ccedit  -  CSCRF  maintains  two 
revolving  lines  of  credit  at  loc^  banks  vhich  are  used  to 
buy  small  pieces  of  equipment  costing  fiom  a  fev  thousand 
dollars  tp  SlOOfOOO,    This  equipment  is  the  stock  in  trade 
^         of  the  inctividual  lesearcher*    it  is  gen<^ially  leas<^d 
direcjtly  to  a  project  on  rather  short  amortization 
schedules.    This  fund  turns  over  constantly  to  Provide  CSC 
researchers'a  readily  ava liable  sourct  of  small  'Cqu i pme n t * 

Obviously/  once  ycu  have  borrowed  money  tu  finance  equipment r  it 

tt^— bf^ULe^a i^^^^^Thi s  is  generally  <iccunpl  ishr<l  through  .  "uJ>pr 
fees**  paid  by  research  projcct'?r"^ft^t the  c.ViiP"ient>  uccr 
fees  al  ^ays  include  t.l>e  basic  principal  and  irjttrtc^t  payitrCTrt^-ijtjj 
--aaqjiin,n<3  the  instrutrtcnt  and  may  iftciudt.  Rii<;^  oi-hfr  r^po^n^^f^  tV 
maintenanccf  "operator^/  etc-    Ontil  ^hc  roc^nt  ^^.r^ndffiLht  to  x>Hii 
Circular  A-21f"i  tercsit  on  cqiHiprcnt  fmaiWirL?  w.^r>  i^ot  allowaMt 
unic&s  the  iintrumcnt  wai  ltai:ca  Ironi  ,\n  .ir     -  Ic  nOth  jocncy. 
This  wO"*  one  oi  tLp  ri  ^M.ti:;  vn   ho\f   uifd  ,ir,  ,rf  f  i  H^rit  *    i-  but 
ariT^s-lerigth  0rnan*/atMn,  thr  VJV  V-  r.ciixcl  tVu^ifJjt  loft,  to 
our  debt  finjincingi. 
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debt  financing  of  scientific  equipment  have  a  major  Impact  on 
the  recovery  of  high  t^^chnology  leade::5hLp  In  this  country?  I 
believe  it  can  and  will  use  the  acquisition  of  supercomputers  'as 
an  example. 

One  of  the  ^aslc  requirements  ioday  for  state-of-the-art 
capability  in  most  fields  of  high  technology  is  access  to 
advanced  computers.    The  decline  of  American  preeminence  in  many 
fields  of  academic  research  can  be  directly  related  to  the  lack 
of  availability  of  state-of-the-art  computers  on  university 
campuses.    For  ej^ample?  no  Atnerican  university  ever  acquired  a 
CDC  7630  co^nputcr  although  it  was  the  top  scientific  computer 
ttm  the  time  it  was  introduced  in  1^66  until  the  advent  of  the 
supercomputer 'in  1977,    Yet*  during  that  time^  a  number  of 
universities  in  Europe  acqujred  CDC  7600  computers  and  a  number 
of  them  have  already  acquired  the  current  state-of-the-art 
suti^ercomPuter^  , either  a  Cray-I  or  a  Cyber  205.    The  fact  thit 
the^e  computers  are  not  available  to  American  university 
r*jsearchers  not  only  limits  the  quality  o.f  their  rosear::hf  but 
means  that  they  are  not  trai:\ing,  graduate  students^  in  writing 
modern  codes?  they  are  not  e)tPlori."^g  new  corapatat ional  methods 
and  are  actually  falling  behind  their  counterparts  in  (vef^tetn 
Europe  and  Japan  in  the  basic  elements  ol  conput*  r  science. 

The  capital  cost  of  a  superconputef  facility       in  tije  farge  ot 
f7  th  5l0  million  depending  on  the  Bizi'  of  co;r>futt^r  uttJu-ory/ 
ancillary  et^u ipint nt *  powci  courcf-s^/  otc.    It  it  c'^ftr  t>f  th»s 
ordti  of  magnuude-  th^it  h^vo  pr*^ vc(it<^(J  univ^  ri  ii  ii'i.  fror  ^^ctjutr- 
Jinn  state-of-the-jrt  scientific  conj.ut*      tor  tbo  par.t       or  i'f 
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yeat^.    It  is  not  likely  that  Cucfi  funds  will  become  available 
from  federal  sources  for  scientific  c^guiPment  acguif^itionSi^ 

Colorado  State  unlvecs^tyf  through  its  Rcseatch  Foundation^  has 
addressed  this  national  problem  in  tho  following  wayst    In  1977 
it  acquired  a  Cray-I  computer  and  leases  it  to  the  National 
Center  foi  Atr^ospherie  Research  for  the  support  of  their  research 
prograir.    in  1982 ^  the  Csu  Research  Pound^ition  installed  a  two 
million  wordf  two  vect<?r  pipeline  Cyber  205  suP&rc<?mputer  in  the 
computer  center       Colorado  State  University The  Foundation 
proposes  to  make  this  facility  available  to  the  university  com^ 


nunity  throu<jh  a  national  computer  networV^tftilizlng  seleeted 


regional  universities  as  nodes  or  leg^^nal  network  centers..  Last 
monthf  the  fust  of  these  nod^^s  or  centers  wao  established  at  the 
University  of  Massachusetts  and  serves  Mew  England  through  the 
Dartmouth  Kiewit  Network.. 

We  believe  that  equipment  acquisition  ^nd  financing  ought  to  be 
the  responsibility  of  the  university..    It  is  the  responsibility 
of  the  Congress  to  support  basic  research  through  appropriations 
to  the  National  science  Foundation  ^^nd  other  agencies..  Baeie 
research  budgets  should  inelude       adequate  allowance  for  use 
charges  for  state-of-the-art  scientific  equit>ment.    Once  univer* 
slties  begin  to  manage  their  own  equipment  acquisitions  on  a 
businesslike  basis^  they  will  be  continually  upgrading  tb' 
scientific  e<luipment  in  responi>e  to  dei^ands  irom  the  growth  ^^(i 
dove lopmjent  of  their  own  resctircb  programSi 
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I  would  liKe  to  close  with  d  practical  comment  and  a  request  for 
assistance  from  this  subcommittee.    Debt  financing  is  not  easy* 
It  requires  the  manipulation  of  ta^ny  different  kinds  flr^ancial 
instrumentSf  the  cooperation  of       investment  banker  to  sell 
^inrated  "stocy  bonds*  or  paper  f  and  finally^  the  careful  and 
expensive  opining  of  tax  counsel*    The  requirements  of  OHB 
Clcculac  A-21f  the  complexities  of  the  internal  Revenue  Code  o£ 
1954  as  amendedf  and  innumerable  IRS  regulations  discourage  many 
university  administrators  from  going  forward  with  an  equipment 
financing  pro<;r'&m« 

This  whole  complex  business  could  be  greatly  simplified  by  your 
enacting  legislation  which  would  amend  section  103  of  the 
Internal  Fevenue  Code  of  1954  to  provide  the  following; 

"Interes-  ori  the  obligations  of  collegesf  ini versitieSf  and 
not-for-profit  orgaruzations  for  the  acquisition  of  oQuip** 
ment  and  facilities  for  scientific  or  educational  purposes 
shall  he  tax-exempt," 

A  copy  of  proposed  legislation  which  would  accoTnplish  this  is 
attached  for  your  convenience-, 

Such  a  bill  would  have  rio  negative  impact  on  tajc  revenues  as  it 
would  Ttiecely  simplify  what  can  be  ^^one  at  the  iiZcr^cut  time.  It 
w'>iildi  howeveri  stimulate  the  financing  of  scientific  equip;ner^t 
by  universities  which  vill  <*nh.^nct  thnr  ability  to  contribute  ti. 
the-  resurgence  of  r.ineiic^i^&  t(;chriic^l  lf*ider£;hif.. 
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A  BILL 

To  revise  section  103  of  the  Internal  Revenue  Code  of  1954 
{reletting  to  t^x-exempt  bonds)  ^ 

CI)    Section  103(a) 

(A)    Paragraph  (1)  of  section  103{a)  is  amended  by 
striking  out  *and*.  0 

CB>    Paragraph  (2)  of  section  103(a)  is  amended  by 
striking  cut        and  inserting  in  lieu  thoteof  and"* 

(C>    Paragraph  (3)  is  inserted  to  read  Lcllcws: 
*(3)  qualified^  scientific  facilities  and  equlpitient  bonds," 

(2>    Section  103<m)  — 

<A>    Paragraph  (n>  ls  redesignated  by  striking  "^^^t 
"(n)"  and  insetting  in  lieu  thereof  "(o)". 

(6>    A  new  paragraph  {n)   is  inserted  to  road  as 
follows : 

(n)  Qualified  Scientific  Facilities  and  Equipment  ^ 
Bonds*  —  For  puiposes  of  subsection  (a) f  the  term 
^qualified  scientific  facilities  and  equjtm^ot  bontif 
means  obligations 

(1)  issued  by  an  organisation  described  in  section 
501tc>3  which  IS  organised  end  oporated  exclusively  ui 
scientific  or  educational  E/urpoGcr>^  and 

(2)  the  proceeds  of  which  are  used  to  finance  scien- 
tific facilities  ot  equipniOnt  for  scientific  or  educa- 
tional purposes. 
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■Ht  ifiSt'Miit  >  I  {fit  ftft«tfi\ 


IIuu  to  ik-i  IU|iiij)iiKfa  Uithoul  Cash 


jin^t  \\iv\i  VMi\t\i nnuht,  >tji4j.  Z  ^^Jrs  1 
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:?cience 

Debt  financing:  academia's  funding  allernalive 


Universities  c^n  pwch^fo 
repUcemeals  for  ob»fete 


nftil^^l  f^Tjipnhrm  -ft  {ay^tUi  JmJ 
Ihr  |iK4ri  (t«iJ  b^V  .t^tr  t  lirfJ'^l  ijf 
ti<hr  t«tlh]nt(rr»(  Hut  Iv  «^Jik|^1^ ^"tl 

w^ll  fn^POP  lA  hrr  Li  rn  ^  rrslLH^  Uf  1    n  Tif* 


VI  ai  H  *i  iHJtM^  wen  J  t'Jt^ 
VXhi4  A  Wyp'Om  f*$4W^  fAAbtQA 


4  t>jhirilii«i¥>.  tit  ^iiHin^ut^"  ptiMcUf^ 
At  ihi  viiiic  iMnf.  fu^ilii  irr^Jfltf^l 


V^OUf^  J  4(0Ct  t>#tM04n 
4>«H4l4*nWEMrlr  ihi'nc^ttftl  $h4(} 

"Will  iviCi «  VI  nyptinsef*  Fwwf  fir 

^  l&Tt*  *0(*^  THWUflfl*' 

Mudfc'P'l  F*at«  4  mKlw^^  Vdl 
1^11 '.-mi'lf  <"  unri|iK.I  *i.'vC"yfr1t'i 

-  ^1  ,f  >F  F^  f^,  ^  ^  i.i^i-  mri;>v>  C*'i^.i 


h  tiMfKl  »th»n  c  hr  miitry  div»»f  un  ^  j9 
ithliL  Alt  rpillM'fl  rrooi  iT»  Hictt 
]9!(L  ItuJ^fl.  ihf  ftiml»<4Aif  out  oi 

t^^n  Aklmin^'^tMlhinSp/jprrttd 

lirjrc)  (tijl  ihifU^  have  (thwid«l  $7^ 
ini^liin  fiFf  liri*  ^uipi!ti(nt  it'^KfJ^ 

jjl^inj;  Ih*  iTh.ttfV  Xif  p*y  tat  A  Thf 


IMUVSA  W  debl  Ctn  |>9  OVUM  ^  Th* 
Spflrt  ^^lWH!f  o^  J  fAt^NL^o^l  •* 

Contvm  to  Otln:«  nt  MAM^MTiq'tl  1 

*rJTitl*n$thnkow^l  |1h«  Mv^^  f^iv^l 
COA>f 4>  Ef «  4(L^4^t  4l  IM*  'nVMI  Jt^ 

M(W<t  r4Wv^l      1^4  'Ml  Idt«  TBjtT 

p4M  to  t^e  4^}^  it  ^.d^p^ito^  o4 


T^x^exonvi  fmaiKlng  can  take  several  forms 
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p  I  ht  4trttTjlk  litDdiiij^  n^rf'  ii  itti.m 

ii^r  ^■i>'irLiffpviktjiii<n    4H4ihnpi  1^ 

|ifLplrsurr H.I  ihi^fTtK-*!  rikfCttt^fitiV 
i  4ltl>-jnij  Ifp-vbLiitr  ^'f  Ir^KiHjiifCv 

tlttliPnjL  iMltrfnr  ApI  funittAif  thr 
lttirth**r  III  ^tthttftt  f4ltltPiMn( 
smt|i]>  M^tA^L  wtPfltril  Un(v*rultr^ 

^jninfilrJh4f  trlUttrt  l^t  hi  A  it^V 
N'jrivHtnflniiinO  Ltiffuti^lt^wni  Ji^^ 
x^JtM       ti  ^ipHt^  ^  Artful  r  vjlu*l  K  n  J  ^ 

l4r*n  itwrpipj^cd  m  Iffll  tu  hludlt 
4>nt^rjt4L>  |tAitnit>  ami  tnvtnttotiisi 
Anil  »  r>Hi  ^'(rKAn  Ui  h^Adlt  £un 
irafl^'ttati^rArtAjiii  ■  (fwuWr  bAU^  In 

up  n  (tutrr  fur  diKtM  «tiitrr>1  Iritu^ 

«tr  ihPTfrhrrt  'n  4  i>ult  nut  itlurtiOy 

11t»  Mnivrrn^iiy  t*()utitrd  that  iht 

fntllHA  t(i  l^nttllKA  fiiw  iltrcofnputer 
4ltd  ttAj  l^rntd  d(M«n  TTw  lr|tt(UtU» 
tujc^e^itd  thit  CiJL'HK  fmaftct  tht 
pntjKt  ThtrwarrhlwiKJttionu^ 

Tui  (hf  c^nirr  ^or  dtH»r  OFAinJ 

Stti^r  thriiH  CSHItP  hat  ii\fd  a 

n^r^rth  l*im.  an  induHrial  0»f1- 
PipmtAl  bipftd  (u  putch&v  ■  19  mtllKvn 
^ittntili^  «AmJ>ut7f     tht  StlKtoat 

mvnKiji^l  \v>  pUrrKaUTntml 
^Ai*1l  rF^4  I'rKfitmputrfniHj  tattllirr 
KtHiiti^  \  'C<uV>A  f  r  d jt A  btntt  and  1*'* 

J  tjtiiAivinpi  Itn*  itf  ci>inmFriiai 


UKlustrIa)  JevelofMnont  bocid  used  fur  rasearch  computer 


I*  Mr*  PMlf 


*«(*hW*S'»*d*»Mfl**p*«*P*tt'  l»HCAn>vl3t 


llt|>I^H>#:  Nn^tr  lUi  tttl.  H  I  ln,iqip|jl 

milltiPti  It^  thv  l^ttJ^hj-^  ppL  j  I  |H 
^  TlH^r  i^ii>  riM'jfnih  iiP^nilttittr  ihe 
tnljdtttfl  lii  hi4ii^  %\  4nd  <b*  ( 
iitAiltuttf  M  t*iH*dFpii$l(i'irnli;tnd 


VJfhiFkj^h  ^ll>-^pn  tikjHpwIrdifr^  ht 
ommUX  rjlhrr  liAVt  n>*%h  fhFA^  ifj^t 

^^*r.tl  ^O^anlajir^        dritt  fi 

tUlK  t|t^ 

itMr      thf  fitenlltt  toitnrr  lhan  tf 


CAST  Cuts  costyo  to  1 

In  Chemical  Jnfolynaiion  Retrieval 

iMr-n.^  J        ;i- '      J'  '■  ljj  ^.|  - 

F'Vn-vB'T      'jp  i-p  .r      '.•fC  ^m 

Li.  .r.lrt.ffli:(:n  ..'S*..,.-.  S"^,  "'^  r-e  ^iiyi 

\-  ..^-»'T^  J    ■V'ilL'l  '-.■pf'L;,;.'!  jr3  *f  jr( 

CAEiT  T'.  fjtCl  ilTM3..(  ■  ..■  y       mi  [;rc:-  e  ^'.■i^-- 

^'■.?■■^(^.-■LI^,^...^  (m.'Cv^       irtv"-<i>C^  !  rH  J."<:OQr"Hl 

mncam-  io'i»Li'H  CAST  .rjiijtj 

-r-ic-i  1  L'#,i  r  .'t>  i:  '^CTJid 

'if,  ■■^:A^r  tj'  .'rj  .  3  ■■:Cl..[ '..i ,  l.Jr'Vil 

■  ^..-.i.T^j'.L  r.)-n  Mj 'fiL't  1^1  ri;\i  n  ^rrf'[  r  li'f  l^r  Ch*fn| 

itrr^iif -J  I  ju'j  Of  CIS  f*  -  inVTiinrt 
J-iUin*  FlxW3."i..rr4pi'*H'i|  F Q'  l^. ■  ir e ■  nHj'n- 1| ^ 

vW^t-rr^-l'   "  ^?  i  Ini-.jl  \  (iKMtr     gryc;  ■  i      1  fcl 

ItJi  ulP  r,.-,»n.  '»rp-|  Spt'*-"  if**'  Li 

friJj'^S*  YCi^  r*»  '.."^  In  h,..r..n.;, 
If  rve^MT^  jJ  Ti,-!  'ill         jTiti-  nijUJA 

H-         ^    ^,  h,»'Hll.nmC;rvftrt  ^r*  ,*'/.Htll  34ro 

#r<l  lit*  lffr-1 f^'J",  rem  a'  ^ 

T,.c.*:  i  a-.*.ijM*  (!*■•    At i ■  MO  w.-i ^.n.  pcuV, j.. ^ 
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I  Pr«$ervahon  of  Paper 

Historic  and  Arttstic 
Value  II 
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r^*  I'l  t^4ii'|pirir>  1    Ihl^iilt^iH  S  rl» 

th  tT  W  I -nil  t  ^1  mi  tlhtix^  IwnUtTfl 

■ji.L  iIhii  .  I  n    ^^.h  Xi  li 

■  rtil  £rrtHl  ,  ^.ir--].iijt  \rt 

Ir^tl  t^T  mUil^J  \t\  r^^rrjt>jl  Mr 

^  J  mtf  t'P  4  Minn  n  inkW^  J  *  »n  »i  n 
I"  4]4jiir 

U^^.fijt  ^Idll  lit  C  M  'Jtl'  jU'  hd^r 

*  i-mribnlrd  ^Fp;rittMf-Lly  \*i  ^ 
tt^tHh'^'M   'f[>tt  Iht trrHiJriti 

^^iir  |pr«^htrnt,HHipjM tJ  K4b^z 

*|flfl  *hrv  rajnujce  I        *fi**  iJ 
^F^AiirJ  Jpy  the  hptiiid'liuA 

T^l,il»li^b  J  Iji  txniipl  lint  'jL  ^Hiin 

*  L4'^prf#Li<jP1  Ififtltrrfl  Itk  Ollu^lt  * 

vilTj'pnimt  hin<liHTj(u  i/itrmiiA 
irliPfi^M  i^p  jill'>w  ix  #n(l  Olfitr  kti 

iIJh^i  iI  pptvlr  tiAtltr  ^tf IjiA  fzfmni 

f'  ^t*n'r»  (  '  hJ^ 'pnfvvtd  Ih*  pfist, 
hi^lA  m^iKH-^  *^  i*JkHipj(r*ri*) 
it>ir  frd^ri  ih>      s  <  ifHtiTar  ^  .'| 

j   li  liir^m.^fiT^   \VA      \u  "tMf  !  I^rt 

!  H  i  iiLi  rirt  ^nh  ii*^  U'  ^  lulriil-n 
'   lL,i1  11   U  t^jl  ^t.w.j^fn, 

nt^H  ,,|,tt,T  ii.i'J.  11  4       .il  M  K*\ 

I  M.itt  \\Uir«<T   \Ur^  ^\  i/Jh.- 


fp  I.I 

iiJk  ^  ^qi<  iniTP^  ij  iltJt-n  1 1  d  tn  |kt 
it\t  ii^^fi^       ill*  Aj.rnii  nv^oi 

yi  HI  tip  r*v  ij^ipi  |ii»iFhiiiij( 

UiPi  ij  ilt-^  iFi  tMrfhl^PCf  ikt 
^4-iniM«i  J(hAili>  lff*i  ^^'•jpfuttrJi 

.  I  lirt^MHi;  Iht-Jti^^Vrrtinv  dlt4^ll«|4'lttr 

i^,  t  v*  rl  MIU  C  P^^^r  A  i\  rr 
1  h^rlr^Cp  OtTrl^ifpirr  vifrpiri 

Urfi-  Mr  jV^hthrtr^  th«C 'UKmij^ 
dif'il  Ir<lrr4]  Jtiiujif^ri  Ci>f  oiU^uneAl 
l>uhht'r  t-  <ipl1  irutMluiCr,  tht 

^tp^ittm  In  itrnt^  «4  c<i4pf (pPlfVcAl  *f 
^tillhjivt  (^tiP^>]rnki.At  Mnhtjctn.''  hr 
Kjvs    Ihh  i*f  4rf  in  murb  Ipfiirr 

iPiiiMjin  ttt-  jpDl^iAI  tiffrntrilOirtlnpL 
HottNl  ipt  ir^^irrit  t<p  ruht  drb(  n 

^l^*fi^  i-iji  (if  jIvp  Jptttr^f^  ihf 
j^i'^nnnifitLfTij^  #lNvmLcft^  tt*hf 

irMfT  0**fltt(Hhint  lif  tiritnr 

-U  ^ftii  ruyi  vtjfvd  in  Ihr  wav  Oi  iVsc 

ifiTihtilr  if  ilt^ii  finjjy  rnpc  tomtit  tht 

^di^tl'jiltLV  EippnAhUr  1(1^  in^ljunvtnc 

(>[^iti  wt^^  Whtn  i*r  HP 
Ipfifhlf  iUhji  i^E^  T/kt  rrayhi-i/r  ili^t 
j|rliL  4iiP  til.  r^i^  j^PlL  ttm  i^dV  Ui 

lhLL4    tr|4dF|H'^llt       Ifi      k  »l     K  ll>t- 

UtTt  t  link  Jhi  ri^  ITI^  i  L^i  ti^ln  iT  ^Lt^ 

tri..  iiiH    iti4-  I  Hit  til  rirl  iht 

l-V  lTitinl  ^.s,j„r^  d 
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Mi\  Walckkn  Mr  MacKay. 

Mr.  MaiKak  II  \hv  than  man  will  >iL'ld,  that  ju^t  too  provoca- 
tivtr  a  co*nment.  I*erha|te  \mI1  never  know  attain  what  you  fi- 
nanced. [Laughter.] 

Mr.  Walgukn.  Well*  if  we  never  see  you  again  we  will  have  to 
c'all  and  find  out  w'liat  happened. 

Well,  thank  >*ju  \erj  muth  for  tho^e  ^tatementb.  Would  either  of 
tht*  fit^t  two  ^eiitlemtn  like  lu  tummeiit  un  Ui.  Olsons  ^uggebtlon, 
and  particularly  alont;  the  idea  uf  how  far  tlii=>  could  go  in  satisfac- 
torily meeting  tlie  needs- 

Dr.  LANGtiNbKRtj.  I  think  it  could  go  long  way.  I  think  over  the 
vtrjn>  that  I  and  many  of  my  colleaguei>  have  become  better  and 
better  acquainted  with  uhat  Dr.  Ol&on  ha^  managed  to  achie\e  at 
Colorado  State,  and  we  have  become  prog^e^!^ively  more  impresssed 
with  his  losults  but,  as  he  pointed  out*  it  is  not  easy, 

I  noted  one  a&pect  of  the  project  that  the  Interagency  Working 
Group  has?  embarked  upon  to  stimulate  univerbity  management. 
That  . aspect  was  the  promulgation  of  the  faith>  if  you  like.  One 
might  a&k  the  question,  ''To  whom?"  The  intention  is  to  spread  the 
word  on  ^ULh  tilings  ^  creative  fmaneing  to  all  of  the  managers  in 
a  university,  and  tlio&e  range  from  bench  scientists  all  the  way  up 
to  boards  of  trustees- 

I  have  seen  university  administrators  comment  favorably  and  en^ 
thusiastiLally  about  Dr.  Olson's  ideas-  I  have  even  seen  ^  few  scien- 
tists v^hfy  knew  about  them  commi^nt  favorably  on  them^  but  I 
shudder  just  a  little  bit  to  imagine  taking  a  proposal  fur  a  miyor 
debt  financing  to  a  typical  university  comptroller,  a  vice  president 
for  finance,  or  a  typical  university  board  of  trustees.  They  are  quite 
familiar  with  doing  that  to  construct  new  dormitories  or  clasbroom 
buildings  or  athletic  fields*  but  if  you  Veil  them  you  want  them  to 
borrow  to  buy  an  electro  .  microscope,  I  would  prefer  not  to  try 
that  without  a  lot  of  support  from  Dr,  Olson, 

Mr,  Walgrkn,  Well,  now,  let's  understand  why. 

Dr.  Langenberg,  I  think  it  is  a  matter  of  attitude.  It  is  unusual. 
Everyone  knows  about  buildings  and  everyone  know,  about  financ- 
ing buildings,  because  most  people  have  bought  houses-  A  good 
many  businessmen  know  about  financing  eqtijpment  and  instru^ 
mentatii  a  but  university  managers  for  the  most  part  simply  do 
not. 

Would  vou  agree  with  that,  George? 

Dr.  O*  .*N.  Well,  we  have  conducted  two  national  seminars  on 
this  subject  and  they  have  evoked  a  lot  of  interest  and  a  lot  of  re- 
sponse and  enthusiastic  attendance,  and  not  a  lot  of  debt  financing. 
It  is  a  complicated  business.  The  tax  laws  are  such  that  some 
things  work  for  private  universitic*s  and  do  not  work  for  public  and 
vice  versa, 

You^eed  to  be  in  the  busings.  You  need  to  have  people  working 
with  you  that  have  a  business  background,  that  ha\e  been  in  the 
business  of  financing  equipment.  Industry  does  this.  They  buy  their 
equipment  on  various  financing  mechanisms. 

Mr,  Walgrkn,  If  I  understand  it  rights  then,  it  is  more  an  attitu^ 
dinal  thing  than  an  actual  barrier.  When  Dr,  Langenberg  says  it 
isn't  easy  
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l)i  Oi*MJN  Well,  it's  nol  tM^>,  Ma>bt*  in  uur  st'miiiiu*^  we  do  us 
mtitli  iv  diM.^niia^<-  oiiLuurtigt-  tlicnu  bL-tuus^  wo  tell 

lht*Ri  'WL-  do  it  in  k^^^nju  net  lull  uilh  u  ^ood  tax  rouii^el,  lawyer,  and 
an  underwriter  iv  explain  all  the  mechanibm^  iv  do  thi&.  Ilowt-ver, 
vtin  \ini\if  demoribt rated,  I  thinki  through  40  milliun  dollar^.'  worth  of 
-sca  nt if  K"  pajH-r  that  the  publii.'  at  larKe  out  there 'is  ready  and  will- 
inj^  to  bu\  thib  h  ^h-ri^>k  ijajjcr.  It  i-s  not  ea^y  to  i-ell  the  paper  on  a 
Citi>  Lumputer  when  it  i^  the  ^-toiid  onf  that  ha.s  ever  been  built, 
or  ^o  vui  tvr  puyitron  t-muss^iion  tutnuj^raph)  etjuipment  that  peuple 
cannot  e\en  piunoun^^e.  But  the>  have  denioii^tiated  u  willingne:^ 
tv  bu>  Ihi^  kind  v(  paper,  whtthei  it  i&  leabe  parliL'ipatiun  certifi- 
cateb  or  bondb  or  what  have  >ou.  The  problem  1  bylieve  ib  r(fall>  in 
the  university  administrations. 
■  Mr.  \Vai.<;«kn.  Dr.  Kwiram. 

Dr.  Kwiram.  Well,  I  think  1  Lommeiited  on  Ihi^  ibbue  frum  CCR's 
p^^tiit  ^^f  view  brien>  in  ni>  prepared  ^statement.  1  think  it  a  cre- 
ative ^olutien  that  ^;an  be  effective  in  certain  eircumstaneei>*  I 
think  it  Indeed  coinpHeated.  \  central  i^ui',  vt  ceurfae^  in  the  fact 
that  it  duriy  nvi  create  new  mone>  in  ene  .sen^e.  I  mean*  you  have 
to  lake  It  frem  u^er  ^  fee^  or  someplace.  Yeu  have  to  pay  for  it. 
There  is»  a  c^^n.^ervatien  ef  menL*>  law  here  that  cemes  into  pla>  a& 
well. 

In  addition-tij  that,  there  are  petential  dirficultieb  if  ijomeene  like 
XCt\R  were  to  pull  out  ef  a  lea&e^  fer  example^  betjause  their  direc- 
tioii  ha^  chanyed.  and  yvu  were  te  ]o.^e  a  majer  individual  or  enlit> 
vf  that  bert  that  is  t^^^ing  le  be-feoting  the  bill  through  user  fees. 
We  ti>  iv  iiv  ^vnii-  vf  thi.s  in  amortizing  equipment  in  our  depart- 
njent,  and  it  i&  not  <^uiie  a  month'by-mopth  preblem  but  almost 
that  kind  ef  a  ^ituatien  where  >uu  wender,  ''WelJ^  is  this  guy  going 
te  pull  eut  ne.xt  menth?  U  he  going  iv  lose  hi^  grant?  Are  we  going 
to  be  able  to  sustain  the  program?*' 

Mr.  WAU*RfcN.  Therefore,  this  goe^  te  the  question  of  whether  or 
not  the  private  sector  is  willing  te  put  up  the  moiif^y  to  buy  such 
equipment.  Inasmuch  a*»  that  equipment  might  bet^mie  obsolete  ruh 
atively  quickly,  there  is  a  real  risk  there? 

Dr.  Ol^ON.  Well,  the  bifi  risk^  as  Dr.  Kwiram  menlionedt  1^  in 
lubing  funding.  We  don't  fuJid  ever>thjng  that  our  faculty  abks  for. 
We  tell  thvni  that  We  will  bu>  them  anything  the>  can  pa>  for^  and 
it  nieana  that  a  uiiiver^it>  administrator  ha^  to  be  a  ri^k  manager. 
I  den  t  belie\e  this  can  be  done  en  a  departmental  leveh  although  I 
admire  a  department  that  tries  that.  I  think  it  require.^  the  Uiiiver 
sit>  res^^urces  te  leek  at  thi&  probleiHt  and  it  requires  the  u&e  of  an 
affiliated  organization. 

We  use  a  feundalioii  that  1^  not  i^art  of  the  university,  h  is 
ann\s  length,  and  it  can  a.s^ume  debt  and  it  can  stand  between  the 
b^^ndhelder  and  a  pit^e  ef  equipment  and  take  action  to  do  soAie- 
thmg  with  that  equipment.  For  example,  if  NCAR  -we  lease  the 
Cra>  I  computer  te  NCAR  with  a  l)()day  cancellation  clause.  That 
didn't  make  those  bonds  dny  ea.sier  teselt.  IleWever,  the  bondholj:]^ 
er^  kn'?w  that  between  the  N('AR  scientists  and  their  standiitg 
with  the  blat:k  hvK  was  the  CSV  Research  Kouiidalion.  who  knew 
whe  was»  using  j^ufjertemputer^  and  where  it  ceuld  he  leased  (^r 
sold.  I 
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Tlierefoit.\  >iui  klK>^^^  thiTi-  hub  tu  be  a  bu:aine&:aman  s  approach 
tu  iti  and  bunie  thjn>;.i  >f>u  ari-  not  goin^  to  fund  because  they  are 
too  risky. 

Ml.  Waloren.  Is  that  a  substantial  limitation  with  this  ap- 
pruach,  that  somu  things  >ou  ^^ould  nut  fund,  some  instruments 
you  would  not  fund? 

Dr.  Oi^UN.  Oil,  >uu  bet.  We  turn  do^^n  faculty  members  all  the 
timu  whu  have,  you  know^  unu  $r>0,00O-a->C'ar  grant  and  they  have 
ma>bu  Sr>,000  they  can  ui>e  fur  us>ei  equipment,  and  they  want  a  $1 
H;ilhuii  £^lid'State  iiurface  chemistry  laburatury.  It  is  not' going  to 
fly. 

I  think  it  does  encourage  shared  use.  That  is  an  example  where 
we  send  the  facult>  member  out  and ^ay,  If  you  can  get  people  in 
physics  and  electNC<il  engineering  f<j  come  along  with  you,  maybe 
we  will  buy  an  Auger  spectrumeter  Then  he  comes  back  very  en- 
thubiastic*  with  several  uther  facult>  members  willing  to  share  in 
the  use  and  support  uf  that  piece  of  equipments  so  it  does  help  us 
in  our  shared  use  concept. 

I  agree,  this  is  not  the  best  solution.  The  best  solutioji  is  for  you 
to  give  us,  you  knovv^  $2  or  $3  billion.  (Laughter.) 

Mn  Walguen.  Why  is  that  a  better  solution? 

Dn  Oi^oN.  Well,  you  know*  its  a  lot  of  headaches  to  do  this. 
[Laughter.] 

Ilowevyr,  if  you  are  not  going  to  give  us  $2  or  $3  billion,  then  I 
think  this  is  a  solutiun.  It  does  not  create  new  money  but  it  makes 
ever>body  pa>  his  fair  share  of  the  bill*  including  our  State  proj- 
ects, the  State-funded  projects  that  u^e  a  pieC^  of  ec|uipment.  We 
have  about  20  percent  uf  our  research  funded  by  private  sources. 
They  pay  their  fair  share  for  the  use  of  the  equipment,  as  do  all 
the  other  agencies,  the  Federal  Government 

Dr.  Langbnbbug.  U  I  may  comment*  Mr.  Chairman,  one  of  the 
mcjt  attractive  features  of  what  Dr.  Olson  is  describing  is  thai  it 
dues  encourage  careful  management.  If  the  National  Science  Foun- 
dation, for  example,  presents  to  me*  a  bench  scientist,  $500,000  to 
buy  an  instrument,  avA  I  proposed  to  buy  that  instrument  and  I 
succeeded  in  the  peer  review  process  I  view  that  instrument  as 
mine. 

Now  I  may  use  about  100,000  dollars  worth  of  time  on  that  in 
strument  and  my  interests  may  change*  and  I  may  do  something 
else.  There  is  nothing  whatever  to  drive  me  to  want  to  share  it*  to 
arrange  for  others  to  use  it*  to  manage  the  reijt  of  the  value  of  the 
instrument. 

What  Dr.  Olson  has  been  doing  is  complicated.  It  is  complex  It 
does  involve  risk,  and  it  is  a  little  frightening  to  a  lot  of  people*  but 
it  does  encourage  sound  management. 

Mr.  .Walghen.  Veil*  then,  if  I  could  be  permitted  just  one  more 
question,  you  rei,>mmend  that  interest  on  obligations  be  tax- 
exempt,  Now  how  much  would  that  contribute  to  the  

Drr  OLSONr  We  use  only  tax-exempt  financing  now.  I  am  not 
asking  for  somethint^  that  is  going  to  greatly  impact  Federal  rev- 
enues. We  have  an  odvantage  over  private  mdustry.  We  use  tax- 
exempt  revenue  bonces,  tax-exempt  industria]  devefopment  bonds, 
tax-exempt  municipal  leabe-purchase  agreements*  and  with  an 
opinion*  a  tax-exempt  line  of  credit. 


What  I  am  .>ii>jnK  i.>  Mial  if  wt»  did  nut  havt*  lu  juggSu  fruni  uno  to 
ihv  otlu'ti  ^uin^  IDIi  and  tut\ni>;  tu  mak^  ^tll  the*  pre^entationi^ 
before  a  city  or  county,  if  it  wa^  bf^tentifiL  in^trumuitation  for  re- 
search ur  ^.educational  purpobeb*  for  a  college  or  a  univertsity,  if  that 
wa^  tax-oxem  )t,  our  opining  attorneys  wuuld  :^ay,  '*It  mi?etb  thi?t'f* 
r<.^quir<.'niciit^  and  yuu  mav  j;i>MJc  uhatovei  obligation  appropri- 
ate/* a  iea&e  ur  a  hund,  and  it  v^uuld  greatly  simplified.  I  think  if 
it  v^as  ibimpler  it  \vuuld  encuuta^o  a  lut  uf  university  adminii^tratorb 
to  consider  this. 

Nu^v^y^c  like  tu  cite  exaniples  iike  Cra;  cumputur;*  and  20.>s  and 
bi^;  thin^«  you  knov^.  that  cubt  to  ^lO  miltiun,  hut  thiti  Is  a  very 
valuable  tool  fur  thin^  that  cvi-i  frum  {100,000  to  $1  million.  IIow- 
^ever,  it  is  compikatud.  We  are  working  with  a  private  university 
nuw  in  requesting;  the  city  in  which  they  are  located  to  create  a 
university  et^uipinent  fund  they  can  use  the  municipal  lease-pur- 
chase contract  vouiK\ 

WetL  you  knuw,  the  complications  of  going  through  all  this  jui^t 
tu  be  able  to  pruvide  ei|uipment  for  a  private  university  which  hap- 
pt  iKs  to  be  a  dominant  factor  in  this  LOiiununity*  is  just  a  long  way 
around  achieving  what  ^e  have  prupused  a^  a  mudification  of 
section  10*S  of  the  Code* 

Mr.  Waix;i;Kn,  I  see.  Mr.  Gregg. 

Mr.  Glihufi  Your  modification  got-s  a  lot  furthcT  than  just  being 
limited  to  scientific  equipment.  /Vs  I  ivad  it,  it  is  for  i^cientiHc  or 
uducatiunal  purpu.>es,  which  mecin.>  that  it  Luuld  be  used  for  hume 
econumic  equipment  or  football  equipment  or  language  equipment 
or  any  other  forr.i  of  educatiunal  purpuse  equipmc^nt*  as  I  rc^ad  it. 

Dr.  0(^0*  1  here  representing  the  university  and  I  have  a 
hard  time  separathig  research^and  education. 

Mr,  Grkcc,  Well,  I  don't. 

Dr.  OusoN.  Oh,  OK. 

Mr.  GiiKtit;.  I  think  we  are  interested  in  scieiUific  issues^  not  nec* 
essarily  home  economics  or  football. 
'  Who  gets  the  investment  credits  that  are  generated? 

Dr.  Ol^oN-  Thi.>  i.>  not+.>ection  propt*rty»  so  there  is  no  invest- 
ment tax  credit. 

Mr.  GliKu<:.  I>  there  any  way  to  set  these  up  today  under  our 
present  eude^  su  that  you  ran  sell  them  a  limited  partnership 
and  

Dr.  Oumjn.  There  is  not  because  if  it  is  used  by  a  tax-exempt 
agency,  it  does  nut  qualify  bection  *i8  property.  That  is  what 
both  the  uld  code  and  the  ERTA  modifications  were  limited  to. 
We  lobbied  hard  tu  get  the  extensiun  uf  safe  harbur  lejsingi  which 
wuuld  have  been  a  great  boon  to  universities  2  years  ago.  If  the 
bafe  harbur  leasing  eruditions  had  been  extended  to  scientific 
et^jnipment  the  way  it  wats  tu  Lummuting  e<|uipment,  a  bus,  it  would 
havL^  been  a  ^reat  buun  to  the  acquisition  uf  sLientifiL  equipment, 
but  we  do  not  qualify  fur  sectiun  liS  property  su  we  are  excluded. 

Mr.  GnKiKf.  Well*  you  cuuld  certainly  finance  it  out  of  the  private 
s^*Ltur,  maybe,  if  yuu  had  the  uptiun  uf  selling  the  inveiitment  cred- 
its. 

Dr.  OusoN.  Every  flnani^ing  we  have  dune,  we  have  luoked  at  tax- 
exempt  financing  and  leveraged  leasing.  They  are  verv  cluse,  if  you 
can  take  advantage  uf  both  investment  tax  credit  and  rapid  depre- 
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ciation.  but  wu  arr  not  qiialillcd.  We  can  still  depreciate  but  we  are 
not  qualified  for  the  1TC\ 

Mr  Gregg-  Some  States  have  a  higher  education  authority 
which  can  issue  bonds.  Is  that  ' 

Dr  Olson.  Those  are*  in  effect,  the  revenue  bonds.  They  are 
issued  on  behalf  of  a  State  agency,  and  they  are  tax-exempt. 
"  M\\  Gregg.  They  can  issue  those  for  equipment. 

Dr  Oi^ON.  Yes,  sir,'  they  can.  The  most  successful  agency  for 
that  \b  in  Penhsylvania.  'l"h^  Pcnflyyivania  building  authority  also 
finances  equipment 

Mr  Gre<jg.  That  structure  already  exists,  really.  You  just  want 
to  make  it  cleaner  for*:: — 

Dr  Olson.  I  would  like  to  make  it  cleaner  and  I  would  like  to 
make  it  include  both  public  and  private  institutions, l^ecause  both 
contribute  substantially  to  our  research  health. 

Mr  Gkegg.  Do  you  have  an  estimate  of  what  this  is  going  be 
in  tjie  form  of  tax  expenditures  if  you  put  this  into  place? 

Dr  Olson.  I  don't   ^ 

Mr  GiEEGC.  That  is  lost  revenue. 

Dr  (5iJsON.  It  we  put  it  in  place  and  we  encourage  a  lot  of  people 
to  fin'ance  this  way,  maybe  we  will  lose  revenue  but  you  won't  be 
financing  equipment  by  billion  dollar  grants.  However  if  we  en- 
xiourage  people  to  do  what  we  have  done  at  Colorado  State  Unlver- 
sity,  and  go  through  all  of  the  mechanisms,  the  machinations  of 
trying  to  get  the  right  financing  instrument  for  the  right  scientific 
instrument,  there  is  no  difference.  I  am  just  saying,  ''Let's  simplify 
it;* 

Mr  Grkgg.  However,  you  are  saying,  "Let  s  simplify  it  so  it  will 
be  used  more,"  and  I  guess  my  question  is,  if  it  is  used  more,  how 
much  is'jt  going  to  cost  us  vis-a-^  .s  what  we  are  spending  on  instru- 
Mentation  today?  You  probably  have  not  done  those  Hgures. 
,  Dr  Olson.  I  have  no  idea  of  that,  You  know,  either  it  is  going  to 
be  appropriated  through  some  Federal  agency  or  we  are  going  to 
debt  finance  it.  We  are  not  going  to  get  it  from  our  own  university 
funds>  and  I  don't  think  we  are  goin^  to  get  it  from  an  equipment 
grant  program.  I  do-not  think  there  is  any  alternative,  that  some- 
how it  is  going  to  coatjhe  people  at  large. 

Mr  Gregg.  Well,  I  have  to  agree  with  that. 

Dr  LangenbSrg*  can  you  tell  me— you  have  seen  an  increase  this 
year  of  about  fiO  percent  in  the  instrumentation  budget  of  NSF 
which  you  were  intimately  familiar  with  before— dan  you  tell  me 
whether  you  feel  that  significant  increase  in  funding  is  being  ap- 
plied properly  relative  to  the  different  directorates*  or  whether  you 
think  that  it  should  have  been  applied  differently? 

Dr  Langknberg.  On  the  \vhoIe,  I  think  it  is.  Ithink  the  balance, 
the  present  balance  in  the  NSF  budget  with  respect  to  instrumen- 
tation, and  indeed  with  respect  to  most  of  the  rest  of  it*  is  quite 
appropriate. 

Mr  GftEGG.  Thank  you  very  much. 

Mr  Waixjken*  Tliank  you*  Mr  Gregg.  Mr  MacKay» 

Mr  MacKav.  Well,  I  am  assuming  the  subcommittee  is  looking 
into  this  question  because  we  are  concerned,  a,  whether  enough 
money  is  going  into  instrumentation  and*  b,  whether  it  is  being 
skewed  to  agency  needs  and  whether  there  is  coordination.  Dr 


Lim^enbLTg,  t  think  ym  arc  an^wcriiii;  that  >uu  think  the'  courdi 
'  nation  is  there  through  NSF, 

Dr.  Langcnbeug,  To  a  substantial  degree,  I  think  the  Inter- 
agenc>  Working  Group  haa  been  a  rtaaonabU  effective  means  of 
exchanging  information  and  t^etting  s>ome  coordination  among 
agencies*,  As>  >ou  ijrobabl>  knou,  thc'rc  a  good  deal  of  program- 
Itnt^l  and  highyr  lewl  coordination  among  thu*  iigencics*  of  all  kipd^. 
Thert'  arv  groups  of  people  in  the  materials^  ^cienti^ts  who  compare 
notes*  frequentl>  to  find  uut  what  each  agenc>  li?  funding,  what 
their  budgetary  plan^  a^e,  Tht^rt^  i^  a  good  dt^al  of  coordination,  I  do 
not  mean  top^ay  that  it  is  perfect.  It  is  far  from  that»  but  there  is  a 
good  deal  of  it, 

Mr,  MacKay,  Therefore,  the  risk  under  our  policv  today  is  that  if 
>ou  are  doing  ba&ic  resean^h  in  an  area  no  Government  agenc>  is 
interested  in»  you  may  come  up  short,  and  the  risk  under  Dr, 
Olson's  program  is,  if  >ou  are  doing  basic  research  in  an  area 
.jL\here  even  with  a  Government  ^ubbid>  it  won^t  pa>  for  itself,  you 
will  come  up  short, 

Dr,  LANG^;N1JEKG,  Well,  I  guess  I  would  dispute  your  fii^t  pre- 
s^umption,  sir,  because  given  th^  niib^ion  of  th^  National  Science 
FoundationT= — 

Mr,  MacKay,  I  would  like  to  be  reassured  that  my  presumption  is 
wrong. 

Dr,  Langenuehg,  Given  the  mission  ot  the  National  Science 
Foundation,  whicK  to  support  the  health  and  vital; t>  of  Ameri- 
can scientific  research  across  all  the  scientific  di&ciplines»  I  find  it 
difficult  to  think  uf  an  area  of  science  in  which  at  least  the  Foun^ 
dati^  is  not^in  principle,  willing  to  support  good  * 

Mr,  MacKay,  Well,  let  me  try  one.  What  about  research  in  the 
areas ^avinj^  to  do  with  accounting,  finance,  and  other  aivas>  ^vhich 
formerly  were  funded  by  NSF  and  are  not  now? 

Dr  Langki^^bbrg,  There  is»  to  the  best  of  my  knowled'^e*  no 
change  in  the  charactt'r  of  the  research  in  economics  and  in  related 
subjects  within  the  behavioral  and  s>ocidl  sciences  that  NSF  is  fund- 
ing. There  has  been  a  reduction  in  level*  but  that. reduction  in  level 
■  has  not  restricted  the  range  of  topics*  that  can  be  supported  if  sufTi 
ciently  meritorious, 

Mr,  MacKay,  My  understanding  is  that  under  either  the  rhetoric 
ot  moving  awa>  from  applied  rest^arch  and  strictl>^  to  basic  it'- 
st^arch*  or  else  under  a  policy  decision  that  said*  '^We'are  not  j^oing 
into  the  science  areas  an>  further/'  those  funds  are  not  now  a\aila 
•  ble, 

Dr,  Lancjknbkhg,  No,  I  do  not  think  that  is  correct.  There  was 
several  >t^iirbagoa  ver>  s>ubstantial  reduction  proptftjed  for  funding 
-  in  the  behavioral  and  social  sciences.  The  intervening  st^veral  years 
have  seen  significanl  hicreas>es  in  the  funding  in  those  areas  in  the 
Foundation  s  budget*  not  to  a  level  equal  to  that  which  existed 
around  VMO  or  1!)80  yet*  but  there  has  been  a  substantial  recovery. 
As  I  said,  there  has  beon  no  particular  change  in  the  principle.  If  it 
i&  sufficiently  meritorious  across  any  field  of  suienee,  but  certainly 
including  the  behavioral  and  social  s>t.it^nci;st  it  can  in  principle  be 
funded  by  NSF  if  funds  are  available. 
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Mr.  MacKav.  I  understand  that  iii  princitjle  it  can.  My  problem  is 
not  with  the  organic  ±>t;itute.  My  problem  is  that  the  agency  has 
redefined  its  mission  more  narrowly  than  the  organic  statute 

Dr.  Langenberg.  I  really  don*t  think  that  is  the  case.  It  has  not* 

far  example   ,        ^  ^  ^ 

■  /iMr,  MacKav,  WelL  I  mayjie  ertoneous  in  

^  Dr.  LANGENBMtG  [continuing].  It  has  not  i-eally  retreated  from 
applied  research.  Applied  research  has,  in  most  times,  accounted 
for  a  relatively  srtiall  proportion  of  the  Foundation's  total  expendi- 
tures. It  is  very  difficult  to  estimate  because  il  is  very  difHcuIt  to 
judge  with  any  precision  whether  a  particular  piece  of  research  Is 
applied  or  basic,  or  60  percent  basic,  40  percent  applied,  or  what-", 
ever.  However,  estimates  in  the  range  of  10  to  15  percent  or  so  are 
probably  not  unreasonable,  T^ere  has  been  no  retreat  from  that. 

There  was,  in  a  reorganiza  ion  2  years  ago,  a  change  from  the 
mode  of  funding  applied  research  in  programs  specifically  labeled 
as  applying  only  to  applied  research.  Rather,  the  funding  is  now 
c*arried  out  throughout  the  research  directorates  of  the  Foundation, 
It  covers  both  basic  ahd  applied  research  and  the  principal  criteria 
for  selecting  propo£^als  which  will  be  supported  do  not  have  to  do 
with  whether  or  not  they  are  basic  or  applied,  but  simply  with 
whether  the  peer  review  sVstem  says  they  are  meritorioi^s, 

Mr,  MacKav,  Dr.  Olson,  how  would,we  know  under  your  proposal 
how  much  funding  we  were  proyidiiig?* 

Dr.  Olson.  Well,  you  wouldii^t  r(*ally*know  but  I  think  that  it  is 
the  responsibility  of  the  Congress  to  fund  basic  research,  and  if 
that  basic  research  budget  for  the  country  is  healthy  and  strong 
and  the  nniversities  are. managing  the  equipment  programs,  it  is 
going  to  be  a  healthier  situation* 

For  example,  oua  of  the  agencies^n  the  funding  initiatives,  when 
they  discussed  a  reduction  in  their  budget  that  was  requested  for 
the  support  of  research  they  were  told^  "You  may  not  touch  the  $10 
million  allocated  for  equipment  because  there  has  been  sucji  a 
pressure  for  that  to  be  held  constant,**  Therefore,  they  reduced  $10 
million  in  other  papers.  That  saved  oO  principal  investigators  at 
$200*000  apiece  that  did  not  ^et  funded.  Somebody  else  made  a  de- 
cision on  what  research  was  going  to  be  funded  because  of  an 
equipment  initiative,  and  I  think  

Mr.  MacKav.  I  am  just  testing  the  results.  The  results  would  be 
that  the  investigator  would  be  a  kind  of  an  entrepreneurial  process 
of  determining  what  our  policy  is*  a  user-friendly  process.  , 

Dr,  Olson.  As  far  as  what  equipment  

Mr,  MacKav.  If  you  could  sell  the  bonds^  the  United  States  would 
invest  in  whatever  you  are  

Dr.  Oi-SON,  No,  no,  that  is  just  the  reverse.  If  the  U.S*  Govern- 
ment invests  in  that  man's  science  and  thinks  it  is  good  science, 
tiien  the  university  Will  say^  "We  will  invest  in  the  equipment  be- 
cause .the  science  is  good.'*  I  hope  we  would  ne^e'r  get  to  where  tjjie 
guy^oold  say^  **I  have  a  university  that  will  buy  me  this  big  equip- 
men'^*  and  We  would  support  tiie  scientist  because  he  had  tiie 
equipment  and  not  because  he  had  the  scientific  program. 

Mr,  MacKav.  When  I  say  you  could  sell  the  bonds,  I  am  assuming 
by  that  that  you  would  be  able  to  convince  the  underwriter  that 


soinv  ;iKt'"^y  or  .sWTih-  pii\*(U^  ^^ctor  Ufcier  wats  willing  to  pny  for  the 
research. 
Dr,  Oi^oN,  Correct. 

Mr  macKay  I  am  simply  saving  that  we  have  then  delegated  to 
whoever  that  nameless  underivriter  it>  out  there*  the  policy  decis^ion 
about  how  much  we  are  go'  ^  to  put  in  it  ay  far  as  th*j  Government 
is  concerned. 

'Dr  Oi^soN  No,  not  if  you  fund  a  basic  rebt^irch  program.  You  are 
funding  $(>  billion  thit*  year  now  in  total  from  the  Federal  Govern- 
ment ard  some  private  sources.  If  we  were  to  buy*  as  universities*  1 
billion  dollars  worth  of  equipment,  that  would  vost  about  4,5  per- 
cent of  that  budget  You  would  know,  It^would  individual  project 
line  items  a^  a  user1:harge.  About  ^,5  percent  of  that  would  be 
going  to  buy  equipment,  but  the  determination  of  >;our  ,iding»  I 
think,  fihoald  be  on  the  basis  of  good  science,  perioc!  nen»  you 
know,  if  we  can  back  the  scientist  up  that  i^;  funded  ^ith  good 
equipment,  we  all  benefit, 

Mr  MacKAiT  I  guess  I  am  driving  at  the  same  thing  Mr,  Gregg 
was  driving  at*  and  that  is,  except  .or  the  fun  and  the  excitement 
of  going  olU  and.  locating  the  money*  you  would  jtist  as  soon  that 
we     aheac'  and  appropriate  the  money*  would  you  not? 
.  Dr,  Oi^oN,  Absolutely,  you  bet,  [Laughter,] 

Mr  MacKai  All  right.  Therefore,  what  you  are  suggesting  is  that 
we  ^'ust  appropriot'^  it  in  a  way  where  we  don*t  have  to  make  the 
decision,  if  you  assamt^  that  a  tax  expenditure  which  ib  a  deduction 
is  in  fact  an  appropriation  of  public  funds, 

Dr,  Olson,  If  you  assume  that*  yes, 

Mr  MacKay  Do  you  know  of  an>  other  assumption  as  to  what  it 
is? 

Dr  Olson  No*  I  made*  the  statement  that  the  public  is  going  to 
pa,v  for  a  public  good*  and  I  think  basic  research  is  that,  - 

Mr  MacKay  Oh,  I  agree*  I  agree.  Your  definition  would  include 
ai^omobileti  for  univerbit>  presidents  and  financial  vice  presidents. 
That  is  equipment  used  in  education, 

Dr  Oi>soN.  Well*  I  said  scientific  equipment*  but  you  haw^to  re- 
alii^e  that  most  of  the  things  universities;  bu>  today*  like  football 
stadiums  and  what  have  >ou*  are  issued  with  tax-exempt  bonds, 

Mr.  MacKay,  I  disagree  with  that  policy  but  I  afiree  that  that  is 
what  is  hfippening,  and  that  is  wli>  I  am  afraid  of  what  you -are 
latking  about,  ' 

Dr,  Olson,  1  just  want  to  be  treated  as  well  as  a  football  stadium, 
that's  all, 

Mr,  MacKay,  I  agree,  and  I  think  we  could  tighten  up  the  lan- 
guage and  perhaps  that  might  help*  but  what  you  are  suggest- 


Dr.  Oi>soN,  I  don*t  call  myself  a  bill  writer.  No*  that  could  be 
changed  anyway.  If  it  supported  rei)earch,  I  said  education  because 
it  is  hard  in  ray  mind  to  separate  the  two.  However*  if  we  made  it 
simpler  I  think  there  would  be  more  people  debt  financing  and 
there  would  be  more  sources  of  research  revenue  supporting  that 
equipment,  and  it  would  not  be  just  the  NSF  budget  or  the  DOD 
budget  It  needs  to  be  made  simplt^r  and  clearer  cut  for  the  univer- 
sity administrator, 

Mr,  MacKay,  I  don't  mean  to  be  coming  across  as  belligerent. 
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.  OlsoNi  Well,  )  dan't  either. 
Mr.  MacKav.  1  admire  anyone  who  is  innovative  enough.  Thus 
^  far,  what  you  have  testified  is,  we  have  already  funded  $20  million 
for  you  that  we  didn't  know  about. 
Dr.  Oi^ON.  That  is  right,  ^  9  million,  yes. 
Mr.  MacKav.  Therefore*  we  are  helping  you. 
Dr.  Olson.  Thank  you. 

Mr.  Waixsren.  Thank  you  very  much,  Mr.  McKay. 

Can  1  just  get  a  quick  reaction  to  whether  or  not  the  Congress 
should  be  requiring  a  certain  percentage  of  NSP  moneys  to  be  used 
for  instrumentation  and  address  tt  to  Dr.  Langenberg? 

Dr.  Langenberg.  I  would  prefer  not  to  see  you  specify  a  propor- 
tion. You  will  find  that  if  you  look  at  the  NSF  budget  that  you 
have  had  proposed  to  you  for  fiscal  1984,  that  the  proportions  of 
the  total  budget  specified  for  instrumentation  range  very  widely. 
As  Dr.  Knapp  pointed  out,  in  some  parts  of  the  Foundation  they 
range  up  to  20  percent.  In  other  parts,  as  you  can  imagine,  in  the 
behavioral  and  social  sciences  the  insti^lTmentation  costs  are  cjuite 
low,  although  computers  are  required. 

ol  think  I  would  prefer  to  see  a  somewhat  lighter  hand  expressed 
in  a  continuing,  gentle  but  very  persistent  interest  on  the  part  of 
this  subcommittee  in  whether  or  not  instrumentation  is  being 
funded  adequately. 

Mr.  Walgren.  I  yee.  There  is  One  other  thought  about  how  these 
numbers  of  $136  million  tie  to  the  numbei:s  that  Dr.  Keyworth  in- 
dicated wer^^  being  spent,  increases  on  instrumentation.  I  wonder  if 
you  are  familiar  with  his  indication  from  the  Office  of  Science  and 
Technology  Policy  that  there  are  $384  million  in,'I  guess,  1984  dol- 
lars. Do  you  know  whether  your  $136  million  ties  with  Dr. 
Keyworth:s  $384  million? 

Dr.  Langenberg.  I  have  no  idea  what  the  connection  is,  since  I 
don't  know  where  that  $400  million  came  from.  I  might  speculate 
that  it  might  include^  for  example^  some  of  the  m^^or  fk:ility  initia- 
tives which  have  l^een  expressed  in  the  Department  of  Enei^ 
budget,  for  example,  construction  of  the  linear  collider  at  Stanford 
and  things  of  that  sort. 

Mr.  Walgren.  Maybe  we  can  give  you  these  numbers  and  you 
could  just  comment  briefly  on  them. 

Dr.  Langenberg.  OK,  I  would  be  happy  to  do  th^t 

Mr.  Walgiien.  Well^  gentlemen,  thank  you  very  much.  I  am 
sorry  we  are  ruj^ning  so  late.  Those  were  most  interesting  presen- 
tations from  all  of  you. 

The  last  panel  is  made  up  of  industry  representatives:  Dr.  Gerald 
Mantell  the  director  of  corporate  analytical  services  of  Air  Prod- 
ucts and  Chemicals  Co.,  and  Dr.  Frederick  Darnell,  the  director  of 
basic  research  for  the  Dupont  Co. 

Gentlemen,  we  are  pleased  you  are  here  with  us.  Your  written 
statements  will  be  made  part  of  the  record.  Please  summarize  as 
you  feel  comfortable.  Shall  we  start  with  Dr.  Mantell? 
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STATKMKNT  in'  <;KUA1J)  J,  MANTKLL,  ASS^X'UTK  !)ntK(T()lt. 
<'(>JtJ*()IUTK  i^XSICAUdl  SKUVU  KS  DBFAitTMKNT.  AlJt  VMOlh 
rCTS  &  CHKMICALS.  IN(\ 

Dr.  Mantell,  Thank  you,  Mr.  Chaiiman.  1  wi^h  to  thank  you  for 
thi^  opportunit>  to  te^tif>.  I  will  submit  m>  prepared  statement  for 
the  record. 

M>  tt>^timon>  vttll  i>rofvtdu  ^pectlic  examples  of  a  number  of  mu- 
tuall> -beneficial  instrument  hhanng  arrangements  between  Air 
Products  and  a  neighboring  univerbily.  I  will  addre:>b  aUu  instru- 
ment needs  of  underijradualt;  schools  in  our  area. 

Our  instrument  airangementb  were  oftjeveral  different  t>pet>.  In 
one»  \^e  helped  set  up  a  modern  ini>trument  laboratoo  and  we  op- 
t^rated  ;t  jointly  with  the  univefblty.  In  another  ca^e^  graduate  stu- 
dents froir*  the  univerbit>  use  instruments  in  our  laboratory  and 
consult  with  uur  expert,  and  in  a  third  instancd  the  univefbity  was 
able  to  leverage  our  contribution  toward  partial  pa>ment  of  an  in- 
strument to  obtain  immediate  deli\er>  of  the  instrument  and  its 
full  use, 

Nuw  LMch  of  those  arrangements  required  people  on  both  sides 
who  believed  in  and  supported  what  we  were  doing.  Some  of  the 
arran^iementb  involved  complex  negotiations  and  sign  (leant 
amounts  of  personnel  time. 

In  the  course  of  contacts  .vith  colleges  and  the  university  in  our 
area,  we  ha\c^  learned  firsthand  that  instrumental  needs  go  far 
bL^>ond  what  industr>  can  reasonabl>  handle.  This  point  has  been 
made  se\eral  times  toda>  and  need  not  be  elaborated  on  further 
However.  I  Could  mention  that  our  companj^  has  limited  budgets, 
has  limited  human  resources,  and  these  special  arrangements  with 
universities  are  limited  to  those  projects  that  are  in  line  with  our 
mission  and  our  own  interests. 

Now  to  describing  some  of  these  special  arrangements.  Lehigh 
University  is  a  neighbor  of  ours  in  the  Lehigh  Valley.  In  October 
ITil  Lehigh  and  Air  Products  decided  to  set  up  a  mass  spectrom- 
etry laboratory  at  the  university.  We  selected  a  suitable  instru- 
ment costhig  ,^1,10,000.  We  each  paid  ,?7r>,00t)  and  allowed  Lehigh  to 
hold  title  to  the  instrument.  We  set  up  operating  procedures  and  a 
formula  for  sharing  costs  based  on  usage  of  the  laboratory.  Both 
partut  rs  then  had  a  laborator>  .  t  less  than  the  cost  of  twj^  separate 
laboratories^  a  clear  benefit  to  both  parties^ 

At  that  time  Ai;  Products  could  not  justify  setting  up  its  own  in- 
ternal laboratory  We  were  only  able  to  take  this  step  when  oui 
use  of  the  Lehigh  instrument  had  reached  a  significantly  high 
level.  At  present  we  are  not  using  the  Lehigh  instrument  but  our 
ties  with  the  university,  professional  and  otherwise^  in  this  area 
are  very  strong,  and  we  are  planning  on  a  joir(t  longer-range  pro- 
gram in  mass  spectrometry  in  the  near  futui^. 

The  second  program  had  its  start  1  year  ago  when  a  professor 
from  Lehigh  Universit>  called  to  suggest  a  joint  program  in  emul- 
sion polymers.  In  this  case,  the  instrument —a  nuclear  magnetic 
resonance  spectrometei »  which  >uu  have  heard  about  several  times 
today— was  in  our  laboratorj^*  and  so  was  the  expert  in  its  use. 
After  much  discussion,  the  joint  program  was  launched  in  October 
1982.  Two  graduate  students  visit  our  laboratories  once  a  week 
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wtth  ^<iuiplrh  of  j^u^viiuTh  iJit^part'd  in  thtir  graduate  program  Our 
NMK  t^xptTls  Iklp  tik-m  obUnn  NMR  ^pt'Ctra  and  interpret  instrii- 
ment  data. 

The  benefiti>  to  the  univensit^  are  clear,  Tht:  graduate  students 
ha\e  attrb^  tu  an  inbtriiinent  that  the  university  cannot  afford*  and 
in  (idditiun  the>  are  learning  much  irom  our  NMR  expert.  There 
cirr  ^<jme  beneHift  t<j  Ui>r  tou.  Our  expert  \s  stimulated  by  the  profes- 
hiunal  ir«^t;racu>jns  with  the  stud*  nt&  and  their  professor,  and  R&D 
people  jji  our  Idboraiujicb  who  are  working  in  the  polymer  field 
have  great  iiitea*st  in  this  program. 

Mr^AVAUiitEN.  If  I  could  juat  stop  you  there,  I  am  sorry  but  1  am 
t^umg  to  have  to  excuse  myi>elf.  1  want  to  ask  Mr  MacKay  to  take 


v.ejght  tu  >our  tebtimuny.  are  most  interested  in  this  and  1  do, 
(jn  behalf  uf  the  committee,  want  to  express  my  appreciation  to 
both  of  >DU  for  coming.  Nov/ 1       excuse  myself.  Thank  you. 

Dr.  Mantell.  The  third  example.  Air  Products  decided  to  donate 
$*"iU,000  to  Lehi^^h  University  for  instrument  purchases.  This  was 
part  of  .J  cujnmitment  that  we  have  as  a  member  of  the  council  for 
Chemiad  Resc^arch,  which  was  described  earlier. 

After  aeveial  discussions  with  the  chemistry  department  chair- 
m^in.  we  uuntributed  $25,000  for  an  instrument  to  a  laboratory,  an 
existing  ldburatur>  at  the  university,  one  that  we  use  quite  often, 
and  another  $115,000  toward  purchase  of  a  high -resolution  laser 
diodt?  infrared  spectrometer.  There  are  probably  no  more  than  50 
to  100  such  instruments  throughout  the  world,  and  there  were 
none  in  onr  area  at  that  time. 

What  happened  next  was  rather  interesting.  Our  contribut'on 
was  only  30  percent  of  the  cost  of  the  instrument.  Lehigh  worked 
out  a  special  deal  with  the  vendor  and  obtained  immedi:te  deliv\ 
ery.  In  exchange,  the  professur  in  charge  of  the  instrument  at 
Lehigh  is  doing  computer  software  development  for  this  vendor, 

This  same  vendor— and  this  k  an  interesting  part  of  this  story- 
several  years  ago  had  an  arrangement  v/ith  Ohio  University  to 
work  out  bome  special  problems  with  this  early  model  A  graduate 
student  involved  in  this  project  at  Ohio  University  is  now  on  our 
staff,  so  we  will  have  an  excellent  liaison  person  with  Lehigh  Uni- 
versity in  planning  a  joint  program  usi'ig  this  instrument,  which  is 
what  we  intend  to  do. 

I  Wish  tuiturn  now  to  some  information  about  undergraduate 
schools.  1  believe  it  important  that  we  not  overlook  instrument 
ne-  as  of  undergraduate  schools  in  our  efforts  to  help  graduate  pro- 
grains.  We  donated  a  fully  depreciated  NMR  instrument  to  Lehigh 
last  fall.  It  v^as  just  what  they  needed  for  their  undergraduate  or 
tVinic  chemistry  programs,  and  in  addition  saved  $35,000, 

It  is  rather  interesting*  too,  in  line  with  what  we  have  heard 
b*^fore,  that  ^  more  advanced^  computer-driven  instrument  would 
not  have  bee(i  useful  here  because  the  students  need  hands  on  ex- 
perience. A  s,imilar  instrument  was  given  to  Muhlenberg  Collie, 
also  a  neighbjur  in  our  valley.  Two  other  collies  in  our  area.  La* 
fayette  CuUe^e  and  Cedar  Crest  College  for  Women^  have  informed 
us  of  specifit  instrument  needs*^  Incidentally,  these  instrument 
needs  are  not  the  high-powered  instruments  that  you  have  been 


dient  ex^t  to  indicate  any  lack  of 


hearing;  aJ)out  tinUy  Tht\\  aiv  luther  ^implL^  instruments.  In  these 
easL*^  ill  iht*  iiK)inonl  wt*  fiiii  provide  little  or  no  help.  * 

Discussions  with  fai:uJl>  mt^mbcrs  from  the^e  institutions  indi- 
cate that  the  problem  ib  getting  worye,  not  better.  They  h^ive  fewer 
funds  than  in  prior  years.  Instruments  become  r^bsolete  faster,  as 
you  have  heard,  and  they  are  costing  more,  which  you  have  also 
iioard. 

^  In  closing,  I  uouJd  like  to  t^mphatsi/t"  the  importance  of  universi- 

ties* having  up-to-date  instrumentation.  First,  we  need  skilled  giad- 
uates,  trained  on  state-of  the-art  instrumentation.  We  want  and 
need  newly  hired  t^raduate  students  to  bring  with  them  up-tthdate 
teclinology  when  they  join  our  company.  I  think  it  was  Dr.  Kwiran 
who  leaUy  addressed  the  importance  of  this  technology  transfer.  In 
a  sense*  this  is  what  we  are  concerned  with  here. 

Second*  and  related  the  first  point*  universities  are  where 
basic  research  on  instruments  is  done  and  where  next-generation 
inst/umeiits  are  often  developed. 

Last*  it  is  important  that  the  universities  be  ^supported  to  estab- 
lish content  of  eduCatioiiaJ  excellence  in  science  and  technology. 
You  have  heard  this  before,  too.  We  face  tough  competition  from 
abroad  ?iid  foreign  companies.  We  are  indeed  in  a  race  for  techno- 
logica'  sujKTioritj  and  excellence  which  I  believe  we  cannot  afford 
to  lose. 

Tliank  you. 

(The  prepared  statement  of  Dr.  Mantell  follows:] 
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TESTIMONY  FOR  COMMITTEE  OH  SCIENCE  ^  TECHNOLOGY 

U,S.  HOUSE  OF  REPRESENTATIVE  HEARIKGS  -  8  March  \m 

TESTIMONY  FROM  GERALO  J.  HAffTELL,  ASSOCIATE  OIRECTOR,  CORPORATE 
RESEARCH  SERVICES  OEt^ARTMEHT,  AIR  (>RO0UCTS  ^  CHEMICALS,  IHC. , 
TREJ«LERTOWN,  PA 

MR.  CHAIRMAN, 

f  AH  PLEASEO  TO  BE  HERE  ANO  UISH  TO  THANK  YOU  FOR  THIS  OPPORTUNITY 
^      TO  PRESENT  MY  TESTIMONY,    WITH  YOUR  CONSENT,  I  WOULO  LIKE  TO  SUBMIT 
HY  PREPARED  STATEMENT  FOR  THE  RECORD, 

'      AS  DR.  KWIRAM  INDICATED,  MY  TESTIMONY  WILL  PROVIDE  SPECIFIC  EXAMPLES  OF  A 
HUMBER  OF  KUTUALLv  BENEFICIAL  INSTRUMENT  SHARING  ARRANGEMENTS  BETWEEN  AIR 
PRODUCTS  AND  A  NEIGHBORING  J/HIVERSITY.    I  WILL  ADDRESS  ALSO  INSTRUMENT 
MEEDS  OF  UNDERGRADUATE  SCHOOLS  IN  OUR  AREA. 

m  IHSTfiUHEHT  ARRANGEMENTS  WERE  OF  SEVERAL  DIFFERENT  TYPES,    XH  OHE,  WE 
HELPED  SET  UP  A  MODERN  INSTRUMENT  LABORATORY  AT  THE  UNIVERSITY  AND 
OPERATED  IT  JOIHTLY,    IH  AHOTHER  CASE,  GRADUATE  STUDENTS  FROM  THE 
UHIVERSITY  USE  INSTRUMEHTS  IN  OUR  LASORATORY  AHD  COHSULT  WITH  OUR  EXPERT 
IH  A  THIRD  INSTAHCE,  THE  UNIVERSITY  WAS  ABLE  TO  LEVERAGE  OUR  COHTRIBUTIOH 
FOR  PARTIAL  PAYMENT  OF  AH  INSTRUMENT  TO  OBTAIN  IMMEDIATE  DELIVZRY  AND  FULL 
USE  OF  THE  INSTRUMEHT. 

EACH  OF  THESE  ARRAHGEMEHTS  REQUIRED  PEOPLE  DH  BOTH  SIDES  WHO  BELIEVED  IH 
AND  SUPPORTED  WHAT  WE  WEKE  OOIHG.    SOME  0*"  THESE  AfiRANGEHENTS  INVOLVED 
COMPLEX  NEGOTIATIONS  AND  SIGNIFICANT  AHOUHTS  OF  PERSONNEL  TIME.    IH  THE 
COURSE  OF  OUR  CONTACTS  WITH  COLLEGES  AND  THE  UHIVERSITY  IH  OUR  AREA,  WE 
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HMl  LEAftNED  FIRST  HAND  THAT  INSTRUKEKTAL  HEEDS  GO  FAR  BEYOHD  WHAT 
IHDUSTRY  CAH  flEASOHAQLY  HAHOLE.    I  WOULO  HOT  WAHT  TO  LEAVE  THE  IKPRESSIOH 
FROM  OUR  FEW  SUCCESSFUL  AftRAHGEHENTS  THAT  INDUSTRY  CAN  FILL  ALL  TH£  HEEOS 
THAT  EXIST.    OUR  COHPA«Y  FOR  EXAMPLE,  HAS  LIMITEO  BUDGETS,  LIMITED  HWtAN 
RESOURCES  AND  ARE  LIMITED  TO  THOSE  SPECIAL  PROJECTS  WITH  UHIVERSlTlES  THAT 
ARE  IN  LIHE  WITH  OUR  HIJSIDH  AND  IHTEftESTS, 

HOW  TO  OUR  SPECIAL  ARRAHGEMEHTS.    LEHIGH  UHWEftSITY  IS  OUR  HEIGHBOR  IN  THE 
LEHIGH  VALLEY.    IN  OCTOBER,  1977,  LEHIGH  AND  AIR  PRODUCTS  OECIOED  TO  SET 
UP  A  MASS  SPECTROMETRY  LABORATORY  AT  THE  UNIVERSITY.    WE  SELECTED  A 
SUITABLE  INSTRUMENT  COSTING  $150,000.    EACH  PAID  $75,000  WITH  LEHIGH 
HOLOING  TITLE  TO  THE  INSTRUMENT*    WE  SET  UP  OPERATING  PROCEDURES  ANO  A 
FORMULA  FDR  SHARING  COSTS.    BOTH  PARTNERS  THEN  HAD  A  LABORATORY  AT  LESS 
THAN  THE  COST  OF  TWO  SEPARATE  LABORATORIES" A  CLEAR  BENEFIT  TO  BOTH 
PARTIES.    AT  THAT  TIME,  AIR  PRODUCTS  COULD  NOT  JUSTIFY  SEHING  UP  ITS  OWN 
INTERNAL  LASORATOftY.    WE  WERE  ONLYASLE  TO  TAKE  THIS  STEP  WHEN  OUR  USE  OF 
THE  INSTRUMENT  AT  l£HIGH  REACHED  A  SIGNIFICANTLY  HIGH  LEVEL.    AT  PftESENT, 
WE  ARE  NOT  USING  TH£  LEHIGH  INSTRUMENT  BUT  OUR  MUTUAL  INTERESTS  AND 
PROFESSIONAL  TIES  IN  THIS  FIELD  CONTINUE  TO  REMAIN  VERY  STRONG*    WE  ARE 
CONSIOERING  OTHER  JOINT  LONGER  RANGE  PROGRAMS  IN  MASS  SPECTROMETRY. 

THE  SECOND  PROGRAM  HAO  ITS  START  ONE. YEAR  AGO  WHEN  A  MEMBER  OF  THE  LEHIGH 
UNIVERSITY  STAFF  SUGGESTEO  A  JOINT  PROGRrtH  ON  EMULSION  POLYMERS.    IN  THIS 
CASE  THE  INSTRUMENT,  A  NUCLEAR  MAGNETIC  RESONANCE  SPECTROMETER,  WAS  IN  OUR 
LABORATORY  AND  SO  WAS  THE  £XPtRT  IN  ITS  USE.    AFTER  MUCH  OISCUSSION^  THE 
JOINT  PROGRAM  WAS  LAUNCHEO  IN  OCTOBER,  1982.    IW  GRADUATE  STUDENTS  VISIT 
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OUR  L^,BOflATORI£S  ONC£  A  w££K  wITH  POLrMERS  PREPARED  IN  THEIR  GRADUATE 

INSTRUMENT  DATA.    BEHEFITS  TD  THE  UNlVEfiSlTY  Afi£  CLEAR.    STUDENTS  HAVE 
ACCESS  TO  AN  INSTRUMENT  THAT  THE  UNIVERSITY  CANNOT  AFFORD.  AND  THEY  ARE 
LEAfiHING  MUCH  FROM  OUR  NHR  EXPERT.    WE  BENEFIT  ALSO-OUR  EXPERT  1$ 
STIMULATED  BY  THE , PROFESSIONAL  IKTERACTIONS.    IN  ADDITION*  OUR  R&D  PEOPLE 
ACTIVE  IN  THE  POLYMER  FIELD  ARE  INTERESTED  IN  THE  BASIC  RESEARCH  DONE  BY 
THE  GRADUATE  STUDEHTS. 

IN  OUR  THIRD  CASE,  AIR  PRODUCTS  DECIDED  TD  DONATE  $5D,D00  TD  LEHIGH 
UNIVERSITY  FOR  INSTRUMENT  PURCHASES,  AS  PART  OF  OUR  COmiTMEHT  AS  A  MEMBER 
or  THE  COUNCIL  FOR  CHEMICAL  RESEARCH.    AFTER  SEVERAL  DISCUSSIONS  WITH  THC 
CHEMISTRY  DEPARTMENT  CHAIRMAN,  WE  COKTRlBUTEtT  $25*000  TOWARD  PURCHASE  OF 
AH  IHSTRUMEKT  FOR  AN  EXISTING  INSTRUMENT  LABORATORY  AT  THE  UNIVERSITY.  AHO 
$25,000  TOWARD  PURCHASE  OF  A  NEW  HIGH  RESOLUTION  LASER  DIDDE  IKFRARED 
SPECTROMETER.    THERE  ARE  PROBABLY  NO  MORE  THAH  50-100  SUCH  INSTRUHEKTS  IN 
THE  WORLD  TODAY  AND  THERE  WERE  NONE  IN  OUR  AREA. 

WHAT  HAPPENED  HEXT  IS  RATHER  If<Tt  lESTING.    OUR  CONTRIBUTION  WAS  :KLY 
OF  THE  INSTRUMENT  COST.    LEHIGH  WORKED  OUT  A  SPECIAL  DEAL  WITH  THE 
iNSTRUMENT  VENDOR  WHO  HADE  IMMEDIATE  DELIVERY.    IN  EXCHANGE*  THE  PROFESSOR 
IN  CHARGE  OF  THE  INSTRUMEKT  WlLL  DEVELOP  COMPUTER  SOFTWARE  FOR  THE  VENDOR, 
THIS  SAME  VENDOR  SEVERAL  YEARS  AGO,  HAD  AH  ARRANGEMENT  WITH  OHIO 
UNIVERSITY  TO  WORK  OUT  SOME  PROBLEMS  WITH  AN  EARLY  MODEL  OF  THIS 
INSTRUMENT.    A  GRADUATE  STUDENT  INVOLVED  IN  THIS  PROJECT  AT  OHIO 
UNIVERSITY  IS  NOW  WORKING  AT  AIR  PRODUCTS.    HE  WILL  SERV£  AS  AN  EXCELLENT 
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LIAISON  PERSON  ^ITH  LEHIGH  UNIVERSITY  IN  PLANNING     JOINT  PROG^  USI»G 
"THrS  IKSTRUMEHT/""" 

I  WILL  TURN  m  TO  SOME  INFORMATION  ABOUT  UNDERGRADUATE  SCHOOLS.    I  . 
BELIEVE  IT  IMPORTANT  THAT  WE  WOT  OVERLOOK  INSTRUMENT  NEEDS  <ff 
UNDERGRADUATE  SCHOOLS  IN  OUR  EFFORTS  TO  HELP  GRADUATE  PROGRAHS.  WE 
DONATED  A  FULLY  DEPRECIATED  NMR  INSTRUMENT  TO  LEHIGH  UST  FALL.    IT  WAS 
JUST  WHAT  THEV  NEEDED  FOR  UNDERGRADUATE  PRDGRAHS  AND  SAVED  THEM  $35,000. 
_       A  MORE  AOVAHCEO  CWIPUTER  DRIVEN  INSTRUMENT  WOULD  KOT  HAVE  BEEN  USEFUL  HERE 
BECAUSE  THE  STUDENTS  NEED  HAHDS'ON  EXPERIENCE.    A  SIMILAR  INSTRUMENT  WA$ 
GIVEN  TO  HUHLEKBERG  COL^^GE,  A  NEIGHBOR  IK  OUR  VALLEY.    T\IO  OTHER  COLLEGES 
IN  OUR  AREA,  LAFAYETTE  COLLEGE  AHD  CEDAR  CREST  COLLEGE  FOR  WOMEN  HAVE 
INFORMED  US  OF  SPECIFIC  INSTRUMENT  NEEDS.    IN  THESE  CASES,  WE  CA»  PROVIDE 
LIHLE  OR  HO  HELP  AT  THIS  TIME.    DISCUSSIONS  WITH  FACULTY  MEMBERS  FROM  OUR 
NEIGHBORING  INSTITUTIONS  INDICATE  THAT  THE  PROBLEM  IS  GETTING  WORSE.  THEY 
HAVE  FEWER  FUNDS  THAN  IN  PRIOR  YEARS,  INSTRUMENTS  BECOME  OBSOLETE  FASTER 
AND  COST  HORH. 

IN  CLOSING.  I  WOULD  LIKE  TO  EMPHASIZE  THE  IMPDRTANCE  OF  UNIVERSITIES 
HAVING  UP-TO-DATE  INSTRUMENTATION.    FIRST,  WE  NEED  SKILLED  GRADUATES 
TRAINED  ON  STATE-OF'THE-ART  INSTRUMENTATION.    M£  WANT  AND  NEED  NEwLY  HIRED 
GRADUATE  STUDENTS  TO  BRING  WITH  THEM  UP-TO-DATE  TEChNDLOGIES  WHEN  THEY 
JDIN  OUR  COMPANY.    SECONDLY,  AND  RELATED  TO  THE  FIRST  POINT,  UNIVERSITIES 
ARE  WHERE  BASIC  RESEARCH  ON  INSTRUMENTS  IS  DONE  AND  WHERE  NEXT  GENERATION 
INSTRUMENTS  ARE  OFTEN  DEVELDPED.    LASTLY.  IT  IS  IMPORTANT  THAT  THE 
UNIVERSITIES  8E  SUPPDRTED  TD  ESTABLISH  CENTERS  OF  EDUCATIONAL  EXCELLENCE 

IN  SCIENCE  AND  TECHNOLOGY  THAT  SERVE  OUR  NATIONAL  INTERESTS.    WE  FACE 
TOUGH  CC»1PETITI0N  FROM  FDREIGN  COMPANIES.    WE  ARE  IN  A  RACE  FOR 
TECHNOLOGICAL  SUPERIORITY  AND  EXCELLENCE  THAT  I  BELIEVE  WE  CANNOT  AFFDRD 
TD  LDSE. 
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^    Mr.  MacKay  lectin;;  chaiiini\nt-  Thank  you,  Dr  Mantell. 
Dr.  Darnell, 

'STATKMKNT  OK  DK-  PRKDKHi'ck  j/  '  lMriNEiJ./ A8SOa>TB 
DIRECTOR,  ADMIMSTRATIOX  RKSEARCII  DIVISION,  CKNTliAL 
RRSKARCn  AND  DRVKLOPMENT  DEPARTMKNT,  E.  I  du  POST  de 
NKMOl*RS&C0. 

Dr.  Darnell.  Mr.  Chairman,  I  would  like  to  leave  my  written 
tebtimonj  as  part  of  the  record  and  just  summarize  briefly  what  I 
consider  the  main  points. 

The  first  one^  are  on  instrumentation.  Modern  instrumentation 
ib  cntital  to  ^research.  It  gives  us  productivity,  it  gives  us  new  infor- 
mation* Without  it,      are  not  at  tlie  forefront  of  research. 

Second,  it  is  expensive.  We  budgeted  this  year  about  14  percent' 
of  our  total  budget  in  our  research  division*  du  Pontes  corporate  re- 
search lab,  for  capital  equipment— that  is,  anything  ovf^v  v500  but 
excluding  building— and  nthat  has  been  going  up  as  a  percentaKo 
f>teadil>.  Now  that  is  in  the  ball  park  that  we  are  talking  about  for 
^NSF  funding.  More  importantly,  this  amounts  to  over  520,000  per 
rcistjarcher,  jvhich  I  think  is  much  larger  than  you  would  Hnd  in 
the  universities.  Their  situation  is  difTerent,  but  it  is  a  large 
amount  of  equipment  every  year.  We  think  we  are  staying  up  at 
the  front. 

Third,  we  agree,  from  people  who  we  recruit,  from  our  interac- 
tiohb  with  consu^ants  and  others,  that  the  universities  are  falling 
behind,  a  serious  problem.        ^  ^ 

In  the  second  area,  industry  co/itributions^  du  Pont  has  two 
major  programs.  One  is  corporate  aid  to  educationn  This  is  $10  6 
miflion  in  1983.  It  is  unrestricted  grants,  mainly  at  the  depart- 
mental levels  chemistry,  engineering,  life  sciences,  and  finances  are 
the  main  areas. 

Our  experience  is  that  these  unrestricted  grants  are  much  more 
effective  than  trying  to  target  it  for  equipment  or  buildirigs  or 
young  faculty  or  soniethtng  of  that  sort,  and  it  turns  out  that  it 
gets  u^d  over  and  over  because  somebody  uses  it  and  then  refi- 
nances and  uses  it  again*  We  feel  that  this  directed  process— that 
is,  where  we  choose  the  department— is  the  way  we  get  the  most 
effort  but  the  unrestricted  part  is  the  way  that  Jhey  can  most  effec- 
tively use  it. 

The  other  program  is  grants  and  contracts,  which  amounts  o  a 
little  <-  *■  M  million.  These  are  rnore  specific.  They  often  have  the 
flavor  some  of  these  interactions  that  we  have  heard  about 
where  fund,  generally  still  in  a  block  grant  but  toward  a  specif- 
ic area,  and  where  we  often  ask  for  patent  rights  or  some  other 
output  other  than  just  the  science  or  education  that  result. 

We  f«el  these  are  very  efiective  ways  of  going  but  they  are  limit- 
ed* I  do  not  see  for  du  Pont,  and  I  liaven*t  heard  anybody  else 
speaking  for  the  rest  of  industry  seeing  any  lar^e  increases  in  the 
cards  in  this  area.  At  the  present  level  it  is  only  a  very  small  con- 
tribution to  the  total  deficit  in  instrumentation. 

Third,  the  other  approaches,  from  my  point  of  view— three  conv 
ments—block  funding  or  larger  amounts  aimed  at  universities  and 
giving  them  the  responsibility  for  balancing  the  personnel,  versus 
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leased  versus  bought,  capital,  et  cetera*  is  the  way  we  would  do  it.  I 
would  noJr  have  said  it  first  but  Olson  said  he  would  like  to  see.  the... 
universities  doinglhings  in  a  more  businesslike  way.  Nobcdy  gives 
us  $1  billion  for  equipment*  ^\  we  have  to  figure  out  how  to  finance 
it  within  our  operations,  and  it  Comes  out  of  the  total  dollars.  It 
does  not  come  as  an  extra  on  top  of  <5perating  expenses.  The  Cre- 
ative financing  things,  therefore*  look  like  a  significant  part  of  the 
possible  things  that  universities  should  and  can  do. 

Finally*  I  think  there  is— reaching  a  Critical  problem  in  instru- 
mentation—the NSF  initiative  to  increase  significantly  the  funds 
for  that*  even  though  it  may  be  a  short-term  attempt.  This  is  a  sig- 
nificant part  of  a  overall  solution  which  in  the' long  run  should  be 
handled  in  different  ways. 

[The  prepared  statement  of  Dr.  Darnell  follows:] 
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TESTIMONY  CeFORE  THE 
SUBCOMMITTEE  ON  SCIENCE,   RESEAEtCti:  AND  TECHNOLOGY 
COMMITTEE  ON  SCIENCE  AND  TECHNOLOGY 
U<   S<  HOUSE  OF  REPRESENTATIVES 

Dif  fcedeiiclc  J.  Dacnell 
Associate  Diiectoif  AdraLnLstiatLonf  Re&eaccti  Division 

Centcdl  Reseaioti  &  Dovelopment  Department 
>  I.  du  Font  dQ  ttemouce  &  Company 

Wi Imington,  Delaware 

i^L.  Chaicman  and  M^becs  of  the  Conunittee:  * 

I  am  pleased  to  be  able  to  present  an  industrial  point 

of  view  on  the  pxobleia..of  obsolete  research  in&tcumentation  in 

our  ulnivetslties.     I  will  describe  the  contributions  that 

Du  Pont  malces  to  help  in  th|^s  area*  and  second  ottiex  approaches 

that  academia*  industry,  and  govetnnent  could  further 

consider.    Our  experience  in  a  corporate  laboratory  will  be 

offered  for  perspective  on  the  instrumentation  needs  of 

research. 

i^y  laboratory  carries  out  a  major  portion  of  Du  pontes 
exploratory  research  in  chemistry*  phyeics*  and  biology,  we 
have  a  sta£f  of  over  3S0  technical  personnel*  an  operating 
budget  o£  $63  million  for  1903f  and  a  capital  budget  over  $io 
nil  lion. 

A  critical  factor  in  the  funding  of  research 
actavities  in  general  has  been  rapid  increases  in  the  costs  of 
instrumentation  relative  to  other  costs.    As  a  result*  the 
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Heso^rcti  Divi^^iun  ot  ^'ur  cVnttckl  Ro^^eiircti  and  Dovelopm^nt 
DePartttiotit  iijs  found  it  tiece^^Sary  to  substantially  increase 
the  fun<3^  allocator  to  instcumt^nt-related  capital  expenses  as  a 
percentage  of  total  research  costs. ^  While  researchers  in  the 
past  oftt^n  built  much  of  their  experimental  apparatus,  th^ 
ctMnPlextty       modern  equipment  usually  Precludes  this  approach, 
and  equipment  must  be  Purchased.    Over  the  past  four  years  we 
hav^  allocated  over  12%  of  our  total  research  costs  to 
instruRieni-  related  capital  costs,    l^oreover  *  this  percei^^^e 
has  been  steadily  increasing  over  the  Period.    Ot  the  caPital 
allocation*  approximately  a  third  has  been  used  In  the  purchase 
or  tiiajor  new  instruments  costing  over#$60  thousand  dollars. 

We  sPend  these  large  amounts  on  &tate>of-the-ar t 
instrumetiiJtEon  for  several  reasons.    Enhanced  productivity  is 
one*  often  related  to  automation  and  data  processing 
capabilities.^    Devetopment  of  tiew  more  detailed  information  is 
another-  which  may  provide  the  basis  for  process  control  or  new 
synthetic  techniques.     Instrumentation  ^or  leading-edge 
research  is  complex*  expensive,  and  usuAliy  oriented  toward 
particular  e^^riments:  it  is  hard  to  acco'mmodate  more  than  one 
or  a  few  users  on  a  particular  instrument. 

The  A<]  ttoc  Working  Committee  report  referenced  below 
Shows  capital  allocation  of  9\  for  Xerox*  and  an  average  over 
Several  yeirs  o£  B%  for  EXXON. 
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Mo^nV  oC  thoQO  involved  in  the  funding  pcocess  for 
university  research  ate  ptanniri^  foe  capital  expenditures  at 
these  levels,  and  the  National  Science  Foundation  budget  places 
pacticuldc  emphasis       providing  iuStcut^entation  capital*  with 
allocation  of  14\  projected  ^oi  fiscal  Veai  84.    The  Department 
o£  Defense  also  has  supported  increased  capital  bud^ets^  We 
applaud  tliese  e££octs  arid  hope  that  theST  will  continue. 

Another  measure  oC  eguiptnent  and  instrumentation 
support  is  the  capital  expended  pe^  scientist  on  a  STearly 
basis,    tiece  our  Research  Division  currently  spends  Vb^ut  $20 
thousand  pe£  scientist,  the  amount  having  ^cown  stead! ly  evef/" 
in  constant  dollars  over  the  last^ew  years ^    I  expect  this  is 
a  larger  per  capita  expenditure  than  Is  characteristic  of  the 
universities.    CertainlST  the  purposes  and  personnel  structures 
Of  industry  and  academia  are  different*  but  I  believe  that  a 
larger  number  of  researchers  iti  the  latteir  are  dependent  on  a 
g'ven  dollar  amount  of  equipiaent. 

The       Pont  Company  is  very  concerned  about  the 
problem  of  instrument  obsolescence  in  university  laboratories^ 
and  the  resulting  short-  and  long-t^rm  iapact  on  the  quality  of 
university  research  and  graduate  training.     In  addition  to  the 
research. related  values  Of  up-to-date  instrumentation  noted 
above,  the  universities  require  moderji  equipntent  in  order  to 
eCfectit/elV  train  scientists,  whether  for  acadentic*  industrial 
or  govecnment  career.    The  universities  also  importantly 
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dQVQlo^  tlow  technlquea  bathed  on  tiew  instrument  capabilities. 
These  have  been  p^atticuLarLy  Important  in  analytical  chemistry 
where  rtSP  funding  has  been  most  Important, 

The  problem  is  a  serious  and  complex  one  with  no 
complete  answer  at  hand.    An  Important  step  in  rea'chin?  a 
solution  is  lncr<^ased  collaboration  and  exchanje  o£  ideas 
between  industry  and  academia,    A  major  thrust  in  this 
direction  was  the  Ad  Hoc  Working  Group  on  Scientific 
Instrumentjition,  under  the  auspices  of  the  National  Research 
Council\|,   «^n  general*  ue  support  their  conclusions.,  as 
presented  in  the  report  ''Revitalising  Laboratory 
Instrumentation"  and  feel  that  efforts  to  implement  their 
proposals  will  be  beneficial.    Support  for  this  important 
aspect  of  academic  rese^'arch  is  critical  since  it  proVidei?  the 
basis  for  the  continued  advancement  of  technology  and  its 
application  to  the  needs  of  society.    Nevertheless*  with  finite 
resources,  iHdu^try  must  be  selective  in  its  contributions  and 
support  of  academic  res'eatch, 

"    The  ^  Pont  Company  en9a9es  in  several  activities" 
relevant  to  the^issue  of  instrument  obsolescence  in  university 
lalioracorics.    We  were'^^he  first  industrial  corporation  to 
formally  institute  a  corporate  aid  program  to  assist  in  the 
support  of  higher  education  in  science  and  engineering.  Out 
Corporate  Educational  Aid  Program  in  1983  will  total  $10,4 
million  in  unrestricted  grants  to  selected  academic  units 
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normoUy  at  th(}  ih>Piir ttatrntal   U*vel  in  supp^^rt  of  research  an<i 
education  in  sci ence .  englneoc lag ,  anc  related  fields*  While 
ctiesc  <itants  ^ce  unrestricted,  a  survey  o£  recent  recipients 
ihowo^J  thjr  more  than  fifty  percent  w«re  used  in  part  or 
ont:  irely  for  capital  e^qu  ipi^ent , 

Another  si<Jnificant  source  of  research  support  for  the 
universities  conies  ^zov^  specific  research  grants  to  support 
university  research  Programs  of  mutual  interest,    Du  Pont 
<Jront.o  and  cont'Vacts  for  university  ''esearch  totaled  over  $^ 
iQilliOD  in  1981  and  continue  at  a  coinparable  level* 

rho&e  acadeinic  support  programs  represent  an  important 
fcoctioD  o£  Du  pont's  discretionary  dollars,  ^nd  their 
allocation  requires  coiopromise  ainong  a  nuntber  of  worthy 
objectives*     Large  increases  Ln  the  antounts  are  not  anticipated 

During  the  past  decade,  corporate  aid  to  higher 
education  has  inciea^ed  more  rapidly  th^n  s^ny  other  voluntary 
source  of  support,     m  the  academic  year  corporations 

contributed  $oao  million  in  direct  grants  to  colleges  and 
universiti^^s  <13%  of  total  voluntary  giving  to  higher 
education),  up  from  $275  tailllon  tl3*6^)  in  1971_72*  Assuming 
opt  imict  icaliy  that  holf  of  tiiis  ^id  wore  for  support  of 
sci^^nco  ^md  ei\*Jineer  ing  pro^rap^s  aiid  that  10%  of  the  funds  are 
used  tor  rosojrcf^  and  in^tcuctional  instrumentation,  a  funding 
of  only  ij;s  piillion  doll^irs  would  be  estimated*    While  a 
signiticcjnc  contribution,  this  s^ni  is  small  in  comparison  to 
tht*  t>niion       raore  dollars  identified  by  W5F  as  needed  to 
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^Ilevi^ice         inctctim<inL  obsolecconce  problem^.     Since  tlie 
actual  figure  for  corporate  aid  used  Cor  insciumentation 
support  is  probably  lower  than  $4S  million,  even  increases  in 
sucli  aid  by  ^  factor  of  two  will  not  provide  an  adequate  answer 
^0  the  probLeDO. 

A  reco^al^ed,  ciiou^Ii  admittedly  partial*  solution  to 
the  iicgearch  inst£:umentation  problem  in  our  universities  is  to 
pernio,  the  expansion  of  the  equipment  and  donation  programs 
sponsored  by  industry,    Du  Font  participates  in  such  a  program 
though  the  dollar  value  o£  this  aid  is  relatively  small  (less 
than  Sioo  thousand/yr.  in  fair  market  value)  in  comparison  to 
our  other  aid      "Trams,    The  lack  of  a  significant  tax 
incontiVf*  jppoars  to  be  a  major  barrier  for  most  companies  to 
cub^Jiant  I J  L  ly  increase  this  fortu  of  aid,    Tl^e  Economic  Recovery 
Tox  Act  ot  Provides  for  a  tax  credit  on  donated  equipment 

e*lual  to  the  book  value  (initial  cost  less  accumulated 
deprociat  ion) .    However,  this  book  vai-ue  if  based  on  a 
deprf^c  lat  ion  to  aero  value  over  only  three  years.  The 
tin.incul  ino(*ntiV(*  tor  donation  of  used  equipment  would  be 
t>ioni£  leant  ly  increased  if  fair  n^arKet  value  were  allowed  as 
tho  tax  cfftdit  brisis. 
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DaseO  on  InJuutciol  experieneo*  blocic  funaing  provides 
^  rational  fcamewocK  for  long  teen  solution  of  the 
1  nst  rumentdt  Lon  Pjcoblem.    By  ttiie  I  Taean  funding  of  university 
Ot^partments  oi  larg^  tesQarch  groups  with  a  total  gi^ant  based 
on  strength  of  Programs*  personnel  and  other  criteria.  The 
burden  is  then  on  the  recipient  department  to  establish 
Priorities.  Plan  for  operating  and  capital  expenditures^ 
consider  additional  funding  sources,  and  allocate  grant  dollars 
accordingly.    There  ore  difficulties  here  both  for  funding 
agencies  and  universities^  but  it  puts  responsibility  for 
bJlanceO  assessment  of  needs  and  Prioritier  with  the  user. 

Of  the  other  aPProaches  Proposed  by  the  Ad  Hoc  HorKing 
grouP  £oc  solving  the    esearch  instrumentation  problem*  one 
tt)at  app^^ars  especially  promising  is  use  of  creative  financing 
techniques  to  suPpleittent  existing  grant  and  donation  sources. 
Colorado  State  University  has  used  various  tax-exempt  debt 
financing  arrangements  for  the  Purchase  of  maior  research 
instruments.    While  such  acrangements  may  not  be  feasible  for 
0very  university*  they^  should  at  least  be  examined  for  their 
potential  impact. 


KJD/Pcl 


Mr.  MacKay  Tliiuik  ^ou.  Dr.  Darnell 

You  are  babying  babii.all>  lluit  if  yuu  were  i^ilting  on  our  side  of 
the  table  tr>ing  to  make  dei^ibionb  about  poUc>,  ^ou  would  not 
target  the  grants  bpeciricall)  to  instrumentation  but  would  leave 
more  flexibility  than  lhat,  and  target  it  specifically  to  program? 

Dr  Daunkll.  On  a  short-term  basis  I  think  there  is  a  need  in 
itibtruiTientation.  On  a  lunger  term  basis  I  think  it  would  be  better 
to  sa>,  "You  are  gomg  to  do  Ihiu  research.  Here  is  the  money  for 
you.  You  figure  out  how  to  spend  it  right  and  then  report  back 
what  you  got  out  of  it/' 

Mr.  MacKay.  All  right. 

Mr  Gregg. 
^  Mr.  Gregc.  I  have  no  questions. 

Mr.  MacKa^.  You  had  some  comment  about  the  investment  tax 
credit  and  also  the  use  of  fair  .t..trket  value  as  the  basis.  Would 
that  and  other  tvpe  tax  incentives  substantially  increabe  industry 
support,  do  you  think? 

Dr.  Darnell.  They  would  incic?^e  it.  It  is  a  little  hard  to  meas- 
ure how  much.  Du  Pont  does  no*,  n.ake  a  lot  of  the  instruments 
thfit  would  ^o  ini  ^  t^-^ucation  and  research,  so  new  instruments  is 
not  likel>  to  be  a  big  one  for  du  Pont  or  much  of  the  chemical  in- 
dustry. It  sht  uld  be  for  computers  nnd  some  other  areas. 

The  Ubect  equipment  one,  1  think,  would  contribute  to  a  larger 
measure,  lust  the  sort  of  thing  that  Dr.  Mantell  was  talking  about. 

Mr.  MacKay.  1  would  also  be  concerned— and  your  comments  sort 
of  se^  ined  to  me  to  be  a  sensible  approach  to  this  concern— I  would 
be  coxicerned  that  financial  aid  for  graduate  students  is  part  of  this 
same  equation.  The  equipment  is  part.  You  can  make  the  same 
case  that  there  are  inadequacies  in  other  aspects  of  it,  and  it  would 
-seem  to  me  that  a  better  approach  to  research  would  be  to  look  at 
it  Tunctionalb  and  tr>  to  ^iee  what  part  the  Federal  Government 
should  pla>  in  the  overall  rei>earch  picture  and  then  what  part  pri- 
vate indubtrj^  should  pta>,  and  what  part  the  universities^hould 
have  responsibility  for. 

I  am  not  sure  >ou  are  the  right  person  to  be  asking  this  question 
to  but  1  am  plea&t^d  to  hear  >ou,  as  a  private  sector  person,  say  that 
the  less  restrictive  approaches  would  be  better.  Would  either  of  you 
care  to  comment,  in  your  dealings  with  universities,  do  you  feel 
that  they  have  taken  a  busjrn^&&like  approach,  and  have  you  been 
satisfied  with  your  output  from  thvnj?  1  guess  that  is  the  best  way 
to  ask  that  qu<5stion. 

Dr.  Mantell.  I  don't  think  1  could  really  comment  on  their  busi- 
nesslike approach.  The  products  from  universities,  their  student^;, 
are  highly  skilled  people.  All  the  better,  if  they  are  more  skilled 
and  belter  trained.  The  work  the>  do  and  report  is  also  vital  to  us. 

Dr.  Daknkll.  1  see  them  using  the  funds  they  have  efTectively, 
but  1  don  t  thjnk  they  have  sought  these  other»  unfamiliar.  Creative 
financm^  areas.  Part  of  that  has  to  do  with  the  structure  of  univer- 
sities and  the  independence^  of  the  individual  investigators  and  de- 
partments. It  is  a  difficult  job  to  make  it  happen  even  in  an  indus- 
trial* hierarchical  setting. 

Mr.  MacKa\.  Dr.  Maxwell  points  out  that  in  some  ways  the  prob- 
lem we  nave  now  is  that  grant  mone>  has  been  given  to  universi^ 
ties  over  the  years,  and  perhaps  becaust  they  have  tried  to  stretch 


it  too  Wit  VI  t'tilutph  Intau-st'  tht^rf  Mmpl>  ha&  been  inadequate 
moiie>i  the  n»oin>  U^t^  ^oin*  tu  othvr  than  j instrumentation. 

It  has  ^one  more  to  people,  vvhith  i&  tending  to  ha\e  this  institu- 
tion react  by  being  more  reftrictive  now. 

Dr.  Mantlll.  It  may  be  that  part  of  the  problem  is  that  universi- 
ties do  not  hd^e  enough  mone>  for  skill&d  people  to  teach  and  do 
rt^searth  on  instruments  as  well  as  to  buv.  maintaini  operate  and 
upgrade  mstrumt.itb  as  tht'>  become  obsolete.  The  upgrading  of  in- 
struments b>  professors  rt^iuLei>  \aluable  time  available  for  re- 
searrh  and  teaching'.  For  example*  I  was  speaking  to  a  university 
professor  at  Lehigh  "•iho  had  just  recei\ed  a  contribution  of  an  old 
instrument  from  a  large  compan>.  He  explained  that  he  would 
h^t\e!  to  de\ote  considerable  time  and  ibome  money  to  put  it  into  a 
serviceable  condition. 

Tliib  is  a  case  ^^here  the  university  it,  using  valuable  manpower 
inistead  of  capital.  Thit>  is.  in  a  sense,  a  productivity  issue  where 
output  ib  measured  by  quality  of^^tudent^i  and  research.  Fixing  and 
upgrading  old  instruments  ma>  not  be  the  most  productive  wa>  to 
utilize  our  skilled  human  resources. 

Dr.  Darnell.  There  is  another  answer,  I  think,  that  Dn  Langen- 
berg  or  Dr.  Kwiram  could  do  better  than  I  CTn,  but  what  I  hear 
thei  sa>ing  i.s  that  the  strings  that  are  attached  to  grants,  wheth- 
er N  F  or  other,  restrain  them  from  going  out  and  putting  big  del- 
lars  into  shared  equipment  It  is  much  easier  to  spend  it  if  it  is 
solely  for  >our  project*  and  that  sort  of  rules  out  large  equipment 
that  is  shared.  That  is  a  much  harder  problem,  so  they  manage 
what  they  can  manage  and  they  don't  tr>  to  sohe  some  of  these  big 
problems  that  are  much  tougher. 

Mr.  MacKay.  I  guess,  Dn  Olson,  your  comment  to  that  would  be 
that  b>  using  an  independent,  armVtength,  nonprofit  foundation 
as  the  intermediar>.  you  can  get  around  some  of  that. 

Dr.  Olson.  Yes,  you  can. 

Mr.  MacKay.  I  just  feel  a  frustration  that  we  come  back  to  these 
questions  at  time-s  when  it  appears  that  our  competition  is  getting 
ahead  of  ns.  What  ^^e  need  to  do  is  to  develop  some  way  to  find 
competitors  every  >ear  inotead  of  every  17>  years*  and  in  the  long 
run  it  would  probabl>  be  much  less  expensive.  I  can  feel  a  major 
push  m  this  area  coming  on,  >ou  know,  because  it  appears  that  we 
are  behind  again,  all  ths?  way  from  science  education  to  research 
and  instrumentation. 

Well,  I  would  like  to  express  the  appreciation  of  the  committee, 
which  at  this  point  is  me,  for  >our  coming  here.  This  testimony  is 
very  hi^pful  to  us  in  trying  to  get  a  handle  on  what  the  policy 
should  be  as  we  start  into  another  round  of  this.  Perhaps  we  Can 
learn  from  some  uf  the  mistakes  of  the  past  and  de\elop  a  program 
that  pro\ides  more  flexibility  and  >ou  can  spend  more  time  doing 
what  >ou  are  supposed  to  do>  and  less  time  trying  to  figure  out  how 
to  beat  the  \arious  hurdles  that  have  been  put  into  the  system. 

Thank  you  very  much  for  being  here. 

[Whereupon,  at  A.7>G  p.m.*  the  subcommittee  adjourned.] 
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House  of  Rephesentatives, 
eommittek  on  science  and  technology, 

SLfBCOMMi  n'KK  ON  SciENCK,  RtSKAIlCII  AND  TECHNOLOGY, 

Washington,  D.C 

The  subcommittee  met.  pursuant  to  call,  at  9.45  a.m.,  in  room 
'2'A17>,  Ra>burn  House  Office  Building,  Hon.  Doug  Waigren  (chair- 
man of  the  subcommittee)  presiding. 

Present.  Rt'prctieiitatives  Waigren,  Dymally,  Valentine,  Reid, 
Boucher,  and  Sensenbrenner. 

Mr.  WAfr^nKN.  Let  me  call  the  subcommittee  to  order. 

Toda>.  tht'  Subcommittee  on  Science.  Research  and  Technology 
turnb  its  attention  to  the  National  Science  Foundation  budget  pro- 
puhalb  for  th<^  directorates  of  biological,  behavior,  and  social  sci- 
en^c-s  and  ^cientifii.,  technological,  and  international  affairs.  Wit- 
iiesbe^  from  the  National  Science  Foundation  as  well  as  panels  of 
di&tini^uidhed  jndj\iaual^  will  comment  on  tl^  Foundation's  plans 
for  the  coming  year  in  these  areas  as  well  as  ofTer  their  views  on 
the  proposed  management  and  policy  changes  for  NSF. 

The  NSF  budget  proposal  for  fiscal  year  1984  earmarks  $223.6 
million  for  the  BBS  Directorate,  an  increase  of  $33  million  over 
fibcal  >ear  Ii)8IJ.  Much  of  this  increase  will  go  toward  activities  in 
the  areai>  of  ph>biolog>,  cellular,  and  molecular  biology  and  biotic 
systems  and  reiiourceb.  The  rest  of  the  increase  will  be  spread 
among  activities  in  the  area^  of  behavioral  and  neural  sciences  as 
well  social  and  eeonomic  sciences  and  information  science  and 
technology.. 

Unfortunately*  de&pite_  these  increases  we  still  do  not  see  the. 
funding  base  restored  for  the  behavioral.  JsociaU  economic^aiid  in- 
formation bcii^ncei>  de&pite  directives  from  all  of  the  involved  com- 
mittees of  Congress  to  the  contrary.  I  expect  we  will  explore  this 
further  after  the  Foundation  has  testified. 

The  becoiid  part  of  our  hearing  today  will  focus  on  the  activities 
of  the  Directorate  of  scientific,  technological,  and  international  af- 
fairs. The  Foundation  has  proposed  a  reduction  of  funding  for  STIA 
as  well  as  a  change  in  policy  and  management  in  the  areas  of  in- 
ternational cooperative  scientific  activities,  research  initiation  and 
improvement  and  otheris.  I  must  say  at  this  point  that  I  am  most 
concerned  b>  the  poliv>  implications  of  what  is  suggested  as  merely 
management  directives. 
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We  hiivt'  lu  vH^vt  tlK'ni  as  more  than  simply  that.  I  know  the 
conmiittut*  memtK^i^  vtill  hv  ifittTt'^^ted  jn  looking  at  this  very  close-. 

ly- 

The  BBS  and  STIA  activities  are  directly  involved  with  the  appli- 
cation uf  technology  to  our  lives,  our  society,  our  government,  and 
the  A^urld  aiound  ub.  Thus,  BBS  and  STIA  deserve  our  close  atten- 
tion. 

We  look  forward  to  todays  witnesses  and  their  discussion  of 
these  important  areas.  We  will  hear  from  Dr.  Knapp,  Director  of 
the  National  Science  Foundation  first.  Welcome,  Dr.  Knapp. 

statf:.mknt  of  dr.  kdward  a.  knapp.  dirkctor.  national 
srlknck  foundation.  accompaniki)  by  dr.  kuienk  cota- 
rouij':s,  provost  of  crown  collegk  and  professor.  uni- 
vkrsity  of  california,  santa  cruz,  member  of  the  na- 

TIONAL  SCIENCE  liOAKI) 

Mr.  Walgren.  We  are  pleased  to  have  you  here.  Dr.  Knapp. 
W^ould  the  other  members  like  to  make  opening  comments  or  ob- 
servations? 

Mr.  VALENTtNK.  I  do  not,  Mr.  Chairman. 

Mr.  Reid.  No,  thank  you. 

Mr.  WAtxiREN.  Then  we  will  proceed  with  Dr.  Knapp,  accompa- 
nied by  Dr.  Cota-RoUe&.  Your  written  statement  will  be  made  part 
of  the  record,  as  usuah  Dr.  Knapp.  Please  summarize  or  proceed  as 
you  feel  best  to  communicate  to  the  committee. 

Dr.  Knapp.  Thank.you,  Mr.  Chairman. 

Members  of  the  committee,  I  am  glad  to  be  with  you  today  for 
the  last  day  of  hearings  before  your  committee  on  the  fiscal  year 
1984  authorization  of  the  National  Science  Foundation.  With  me  is 
Dr.  Eugene  H.  Cota*Robles.  He  is  provost  of  Crown  College  and  pro- 
fessor of  biology*  University  of  California  at  Santa  Cruz*  and  a 
member  of  the  National  Science  Board. 

The  Foundation's  fi&cal  year  1984  budget  request  proposes  impor- 
tant changes  in  the  wav  in  which  the  NSF  will  manage  some  of  its 
activities.  1  have  allu{fed  to  these  changes  in  my  earlier  appear- 
ances before  you  and  today  I  would  like  to  spell  them  out  in  more 
detail. 

I  believe  that  the  most  valid,  overriding  goal  for  the  Foundation 
tu  Dur^ue  now  and  for  the  foreseeable  future  continues  to  be  main- 
tenan^^e  of  the  health  and  vitality  of  this  Nation  s  science  and  engi- 
neering enterpriije.  NSF's  fiscal  year  1984  budget  request  is  most 
certainl>  a  signifi<.dnt  first  step  in  the  direction  of  insuring  NSFs 
ability  to  realize  this  objective  in  the  I980's. 

In  cun^dering  tlie  important  opportunities  that  this  request  pre- 
;aentb.  It  16  both  timely  and  appropriate  that  we  ask  ourselves  two 
queistions.  How  much  does  each  of  the  activities  supported  by  the 
Foundation  contribute  to  the  achievement  of  this  overriding  objec- 
tive? And  two,  can  NSF  increase  the  likelihood  of  realizing  the  ob- 
jective hy  improving  the  wa>  in  which  it  organizes  and  manages  its 
programs? 

Since  becoming  the  Director  of  the  Foundation,  I  have  devoted 
much  of  thinking  to  these  questions  and  related  issues.  Increas^ 
ingly^  I  have  come  to  the  view  that  NSF's  present  system  of  man- 
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agt'Jiit'Jil  tiiii>  nut  hv  ujitimal  fur  the  future  and  may  not  permit  the 
Foundatiun  tu  reahzc  Mly  the  opiHjrt unities  implicit  in  the  budget 
request.  In  my  Judgments  the  time  is  ripe  for  a  recontjideration  of 
NSF  responsibilities  and  how  they  are  managed. 

The  Foundation  historically  has  had  two  mod^b  of  organi/.iJi^  and 
operating  lib  activitieij.  The  first  mode  refers  to  activities  organized 
in  support  of  the  bcientific  and  engineering  dibciplines— what  have 
been  knuwn  informalI>  the  re^earch  directorates-- mathematical 
and  physical  bcienceb,  astronomical,  atmospheric^  Earth  and  ocean 
sciences,  biological,  behavioral  and  social  ^^ienceb,  and  engineering. 
These  directorates  are  responsible  for  the  management  of  most  of 
NSFs  resources- 

Because  these  directorates  are  organi^d  around  disciplines, 
much  as  they  exist  in  academic  institutions,  these  programs  have 
been  Quite  stable,  evolving  and  changing  in  response  to  scientific 
developments  and  shifb  in  priorities.  The  How  of  proposals^  pe€"r 
reviews,  advice  from  scientific  panels  and,  occasionally,  recommen- 
dations from  more  formal  studies  of  disciplinary  needs  and  prior- 
Ities  provide  input  into  the  decisionmaking  process  for  program 
planning,  budgeting,  and  the  selection  of  research  projects  for  sup- 
port. 

The  goal  of  these  programs  has  been  straightforward  and  easily 
understood,  to  support  the  best  research.  Their  emphasis  has  been 
on  excellence  and  the  production  of  new  knowledge.  Their  perform- 
ance is  evaluated  by  examining  the  scientific  quality  of  the  work 
they  have  supported. 

The  second  mode  of  organizing  and  operating  the  Foundation's 
activities  is  represented  by  a  broad  range  of  programs  and  activi- 
ties organized  separately  from  the  research  directorates.  These 
have  included  educational  programs^  international  science,  inter- 
governmental  science^  industry  university  cooperative  research, 
small  business  innovation  research^  programs  for  minorities  and 
women,  and  undei^raduate  research  initiatives. 

As  these  examples  suggest*  these  programs  have  not  been  orga- 
nized around  disciplines.  They  have  been  oriented  towaid  particu- 
lar mstitution&j  groups,  or  issues.  Their  programmatic  content,  pri- 
orities, and  budgets  are  often  driven  by  changes  in  policy  concerns 
of  administrations  and  Congresses  rather  than  by  scientific  devel- 
opments. 

The  goals  of  these  programs  have  been  more  complex  than  those 
of  the  activities  in  the  research  directorates.  However,  like  the  re- 
search directorates  they  have  stressed  excellence  as  indicated  by 
peer  review.  The>  have  also  used  additional  criteria  in  setting  pri- 
01  ities  and  selecting  projectsj  since  the  worit  they  support  i&  expect- 
ed to  have  an  impact  on  institutions  or  groups  beyond  science 
itself. 

Their  peer  reviewers  and  adviaory  pejiels  are  often  heteroge- 
neous. The  resources  they  have  dispensed  have  been  small  in  com- 
parison with  those  of  the  research  programs.  In  the  fiscal  year  1981 
budget  requests  most  of  these  activities  are  displayed  in  the  scien 
tific,  technological,  and  international  affairs  directorate. 

After  giving  the  matter  much  thought,  I  believe  that  this  dual 
approach  will  not  best  serve  the  needs  of  U.S.  science  and  engineer- 
ing in  the  years  immediately  ahead. 


Th<  IS  a  pi  ( ^  t  j4  ion,  *  \tri  nal  to  the  Foundutjon,  that  the  qual- 
ity of"  tht*  vtoik  ?%u|^|ji>it< tl  in  tht*  tlirocted  pru^rams  is  not  compara^ 
bit?  to  that  supportud  in  thu  rcijc*irth  diiectorates.  Hucause  the  di- 
rt?ttt?d  program^  are  organized  and  niana^t^d  indt^pendently  of  thu 
rL'>tMrLh  program^,  additional  Lonct^rns  nave  been  raided  about  du- 
pliuition  of  effort,  lack  of  impact,  and  i^ervice  only  to  special  inter- 
ests. 

Seeond,  there  ib  alao  a  perception  v^ithin  ilw  Foundation  that  one 
purfx>r%e  of  man>  of  tliese  pro^rania,  namel>,  to  familiarue  targeted 
group>  vtith  re>earth  directorate  funding'  procedures  and  Criteria, 
has  not  worked  eiTectively. 

In  m>  judgment,  the  rebpon&ibihties  of  the  research  directorates 
ha\e  been  defined  too  narrovtl>.  For  <jxample,  for  some  time  there 
has  been  a  tendency  to  deempha^ize  the  educational  aspects  of  re- 
st*arth  dnti  to  emphasi/e  those  aspects  that  lead  to  the  procure- 
ment  of  ncvt  knovtledge.  P^t  an  important  <iApett  of  supporting  re- 
search in  universities  is  the  education  and  training  of  futurx.'  sCien- 
tit*t.s  and  engineers.  Indeed,  if  that  were  not  so,  there  would  be 
little  ju.^tifKat[on  for  procuring  research  primarily  from  universi- 
ties in  tile  first  place. 

As  my  remarks  before  this  committee  last  week  indicated,  in  the 
future  I  vxpeet  to  see  education  at  the  graduate  and  undergraduate 
le\eU  beeimit  a  piuminent  part  of  the  responsibility  of  the  research 
programs. 

Another  factor  that  no  doubt  has  contributed  to  the  narrowing  of 
the  responsibilities  of  the  research  directorates  has  been  the  very 
existente  of  special,  targeted  programs.  Such  programs  inevitably, 
create  the  attitude  among  research  program  officers  that  these  spe- 
Lia]  issues  are  being  taken  Ltire  of  elsewhere  and  therefore  are  out- 
side their  purview. 

My  intention  is  to  integrate  fully  the  responsibilities  for  the 
health  uf  science  and  engl.ieering  into  the  mainstream  of  the  re- 
searLh  programs  I  belie\e  the  research  djrectorateb  must  assume 
much  broader  responsibihties  than  the>  have  in  the  past,  along 
man>  new  dimensions  that  havt  been  until  now  the  responsibility 
of  the  focused  programs. 

Similarly,  the  NSF  staff  ft^r  the  directed  programs  must  develop 
neu  partnerships  with  the  research  programs  to  assure  that  the  re- 
sponsibilities of  the  directed  programs  are  met. 

The  as;»istant  dir*^ttors  and  program  officers  in  the  research  pro- 
grams must  mtlude  considerations  about  the  support  of  undergrad- 
uates, minoritit^^s^  and  women,  and  international  bcience--to  name 
a  few  examples— as  they  plan  and  budget  for  the  support  of  their 
disLiptint^'s.  The  research  directorates  must  have  greater  responsi- 
bility for  evaluating  and  decisionmaking  on  research  proposals 
handled  prt^viously  by  the  uirected  programs. 

For  broad  isbues,  such  as  the  participation  of  women  and  minor* 
ities  or  the  management  of  international  science,  it  will  be  neces- 
s<iry  to  maintftin  agenL>wide  coordination.  This  will  be  the  respon- 
sibility of  the  STIA  directorate.  Its  staff  will  provide  a  continuing 
assessment  of  progress  toward  Agcac>  goals  and  insure  that  each 
of  the  research  directorates  receives  the  support  necessary  to  meet 
lis  obligation^.  Precollege  education  will  continue  to  receive  sepa- 
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ratv  m^did^eimiit*  with  acivKt  and  cooperation  from  the  research 
directorates. 

I  vi'kijh  to  absure  you  that  the  resources  devoted  to  the  directed 
programs  will  be  maintained.  I  intend  to  establish  a  tracking 
svbtem  to  injure  this  objective,  both  for  inteimal  management  of 
ihi*  Foundation,  and  for  accountability  to  the  Congress.  NSF  will 
Continue  to  i&sue  announcementb  and  continue  to  receive  and  sup- 
port propo&ab  for  the^  programs,  I  am  confident  that  these  activi- 
ties will  flourish  under  this  new  approach. 

The  management  style  I  have  in  mind  is  perhaps  best  illustrated 
with  two  examples.  Consider  the  case  of  equipment  and  research  at 
undergraduate  institutions.  Clearly  these  institutions  aro  eror- 
mou^b  important  in  producing  the  Nation  s  future  scientists  and 
en^ineerb.  In  fact,  j^^me  undergraduate  institutions  have  records  in 
this  effort  better  than  any  of  the  major  universities.  It  is  essential* 
therefore*  that  tlic  Foundation  be  sensitive  to  and  supportive  of 
such  institutions. 

Thus,  I  expect  the  research  programs  in  the  future  to  review  and 
support  proposals  for  rebearch  and  reiiiearch  instrumentation  .sub- 
mitted b>  small  colleges.  As  at  present^  excellence  will  be  the  pri- 
mary criterion*  peer  review  will  be  used>  and  reviewers  will  be  se- 
lected appropriately  for  the  proposals. 

Funding  decisions  will  bp  consistent  with  the  special  circum- 
stances  surrounding  r'  :h  at  undergraduate  institutions,  ?or 
exainple^  the  rate  ef  progress  and  publication  on  research  projects 
at  these  institutions  is  necessarily  (and  appropriately)  slower  than 
one  txpectb  from  projects  at  a  major  research  university.  The  re- 
search directorates  will  thus  be  responsible*  in  the  disciplines  they 
^  support*  for  the  health  of  science  and  engineering  at  institutions 
^that  do  not  grant  the  Ph.  D.  as  well  as  at  the  targe  institutions. 
^Another  more  complex  example  is  international  science.  In  this 
in^tance^  the  responsibilities  of  STIA  will  be  more  extensive*  and 
abs9lute]>  essentia^  if  NSF  is  to  meet  its  obligations.  Nevertheless* 
respQnsibilit>  for  the  evaluation  and  formal  recommendations  re- 
garding proposals  involving  international  science  will  rest  with  the 
research^  direi.torate!5^  The  STIA  directorate  staff  will  evaluate  the 
internationdl  abpectb  of  these  proposals  and  judge  them  according- 
ly. Thus>  the  final  decision  will  be  a  joint  one. 

The  STIA  htaff  will  maintain  up-to-date  awareness  of  interna- 
tional  science  and  engineering  by  establishing  and  maintaining 
Jose  partnerships  with  program  officers  in  the  research  director- 
ates and  with  their  counterparts  in  other  countries.  The  STIA  staff 
also  will  be  expected  to  maintain  current  awareness  of  internation 
al  protocols*  applicable  laws*  and  broad  UJS.  Government  policies 
and  priorities  and  to  keep  me  and  the  research  program  ofTEicers 
fully  ii^formed- 

The  research  directorates  vt^ill  be  responsible  for  considering  in- 
ternational opportunities  and  cooperation  as  an  essential  element 
of  the  vitality  of  the  disi.iplines  the>  support.  I  believe  this  system 
wjtl  lead  to  greatl>  expanded  international  scientific  cooperation 
which  would  Benefit  U.S.  science  and  engineering. 

I  have  discussed  this  shift  in  management  responsibility  with  the 
National  Science  Board*  with  the  Ouice  of  Science  and  Technology 
Polic>,  w^th  the  Office  of  Management  and  Budget^  with  three  pre- 
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vious  NSF*  Dirritorb.  with  the  Chairman  of  NSF*s  Committee  on 
Fqual  Opjjortunilk'^  in  Suencu  and  Ttschnology,  with  the  Women's 
Subcommittee  ot^jLhat  committee,  with  ihv  Steering  Committe'e  of 
the  Director's  Adviiior>  Council,  and  with  the  Assistant  Director?  of 
the  Foundation.  The  re^ponstss  I  have  received  range  from  concur- 
rence to  enthusiasm, 

Conijequentl>,  I  have  asked  the  Assistant  Directors  of  the  Foun- 
dation to  ipvork  out  a  detailed  impltsmentation  plan  which  will  One, 
dtsfine  rc!spon!sibiiit>  between  STIA  and  the  research  programs, 
two*  track  obligation^  so  that  the  directed  programs  are  supported 
at  the  levels  desired  or  mandated^  three,  uye  advice  from  the  sever- 
al committees  I  jubt  mentioned  to  insure  a  proper  voice  from  the 
constituencies  involved,  and  four,  recommend  personnel  adjust- 
mentis  that  ma>  be  required  for  the  system  to  work  optimally. 

I  wish  to  emphasize  that  I  am  proposing  here  the  initial  outline 
of  a  plan  to  be  implemented  in  October,  at  the  beginning  of  fiscal^ 
>ear  1984.  Between  novt  and  then,  many  details  are  to  be  worked 
tOUt.  The  Assit>tant  Directors  group  I  mentioned  earlier  has  been 
meeting,  it  is  dibcub^ing  these  proposals  in  the  directorates  and  de- 
veloping detailed  responses.  In  addition,  I  plan  to  meet  with  Foun- 
dation bidti  in  more  informal  sessions  to  discuss  the  ramifications 
of  this  plan. 

I  believe  that  these  changes  will  enhance  the  integration  of 
women  and  minorities  and  of  international  activities  into  the  Foun- 
dation programs.  They  will  furiher  the  goal  of  broadening  the 
attention  of  the  entire  Foundation  to  the  iiealth  of  science  and 
technology  in  the  United  States,  including  the  educational  and  sci- 
entific communication  aspects  of  NSF's  research  funding. 

Mr.  Chairman,  you  and  the  other  members  of  this  committee 
have  alw^>s  taken  a  great  deal  of  interest  in  the  Foundation  and 
its  programs.  I  am  certain  that  you  will  be  most  interested  in 
learning  of  its  progress  in  making  these  changes  in  management 
responsibility.  I  shall  be  pleased  to  keep  you  informed  as  we  pro- 
ceed at  the  Foundation. 

I  believe  that  this  plan  will  increase  the  Foundation's  ability  to 
capitalize  on  the  opportunity  offered  by  the  fiscal  year  1984  budget 
request  to  begin  revitalizing  this  Nation's  science  and  engineering 
enterprise.  As  I  said  at  the  beginning  of  m>  remarks,  tlie  assurance 
of  the  health  and  vitalit>  ofthat  enterprise  i«  the  Foundation's 
most  valid  and  overriding  goal. 

[The  prepared  statement  of  Dr.  Knapp  follows:] 

Statlmlm  UK  Dk.  Ei>wAKi>  A-  Knapp.  Dirwtok*  National  SciENt  t;  Folnoation 

Mr.  Chiitrmun  .lad  membui>  of  th*;  iummjUtt%  I  am  gU\d  to  be  ^vith  >ou  today  for 
thr  \tihi  dft>  iif  bearta^  b^furu  >^ur  C^ivimitUi.'  authorization  of  the  Ntitloiial  Sci 
vn.r  VoiititUiiion  Witli  nu-  i.sj)r.  EuK^nu  fJ  OjUi/Roblcb.  Provost  of  Crown  College 
And  Profi'Sisor  of  Biolofjy^  University  of  Qitifomia  at  Santa  Cruz. 

Tht.^  Foun(Jatu^n'{>  fn^l  yvtxr  11)H4  bod^i't  request  proposes  important  changes  in 
the  v/iiy  in  whtdi  the  N$F  v*i\i  maniigc  ^^ome  i>f  it^^  aajvitie«>  f  hav«  alludi'd  to  thcs« 
chanjjts  in  my  earlier  apptiaranutij  before  >oa  and  loda>  I  would  like  to  spell  them 
out  in  more  detail,  * 

Mr  Chatnuan^  I  btlit-vi-  duit  thi-  mu&l  valid*  overndinii  (^oal  for  the  Foundation  to 
pursue  nw  and  for  thi-  foreseeable  futurt?  continues  to  bt  maintenance  of  the 
health  and  vita)ii>  i>f  thts  Nutiun't  i>nenci'  ^md  i'n>riiK^^rjng  enterpriw?  Our  fiscal 
year  budget  retjuetit  moe^t  certainly  a  very  ^^igntficaiit  first  steP  in  the  direc 
tton  of  ensuring  oar  ability  (o  reiilb^  this  objective  in  tht^  ii)Mf)s  ^ 
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Jn  i^L^kLbiJi^fini;  tin  hJiiH/fldiit  L^|/|/urtiknLtit?b  whjch  thj^  rctjuubt  presents*  it  is  both 
tkmol>  iitid  appTuittittU  wi  nak  *jUT^i^\\M^  l^u  ^ut'^Liun^  i\\  how  muLh  dvK^^  t^ach 
of  the  ULtkvitLos  vtUi\.\i  iUl'  ruukiddtLriL  ^opfHirt^  wntnbutu  lo  the  auhLevemcnt  of 
thi^  overndinij  obji^tnt;?  and  Ll^^  Ltxu  we  inLr^'ttst;  the  IjkeUhood  uf  roJilkj^^ing  jL  by 
jmpruvmt;  the  way  kn  which  Vin^  urutinjft^  tind  manage  ^ur  pru^fcim^?  Since  bLxomin^ 
ihe  Director  of  the  FoundaUon^  J  nave  dt;vo(  xi  much  of  my  thmkin^;  to  thete  Mues 
tiuni^  and  r^luied  issues.  InLreasingly*  I  have  come  to  the  view  that  our  present 
^y^iem  of  mctnat^ement  may  nol  be  optimum  for  the  future  and  may  not  permit  ui> 
t*J  reali/e  fully  the  upportumttc^  kmplji.it  in  our  budb^ei  ref]ue&L  In  my  judgment* 
tht;  Lkme  n,  rjpe  f^^r  a  rem ni^ [deration  uf  uiir  re^pvnbkbklitie^  ^nd  how  we  manage 
ihem^ 

The  FounddtkukL  hai^  traJjtjon*illy  liaU  two  mixJeh  of  L^rgjnizin^  ^knd  operating  kts 
atti^itkei>^  The  Hrbt  mode  refers  tu  thobe  ^tkviUCi*  urgank/ed  to  huppurt  the  M;jentkrkc 
and  en^ineerkng  diirciplineb*  what  been  kn^^wr.  jnCormall)  a^  Lh^  "reijearch  d^ 
roctoratijs"  -  Maihematkcal  and  Physical  Sckent  uin  Astronomical  Atmospherkd 
Earth  and  Ocean  Sckence^*  Biotogkcal*  B^ha^koral  a**d  Social  Sciences,  and  Engineer 
mg  These  dirwtoruto>  arc  responsible  for  the  management  of  most  of  NSF^  re* 
sources. 

Ik^LaUbc  thei>e  djreLturate^  art  organk/ed  jrouad  dkbtiphnesr  mu^h  aa  Lhey  exii^t  in 
academic  infiLituUufio*  thcbc  pri^ranka  havi'  bcvn  ^uktt;  stable*  evulvin^^  and  changkng 
kn  response  to  SLjentifkL  de\elupmenti>  and  ^hiftj*  *n  pn^rjtieb  The  fiow  of  proposabi 
peer  reviews^  advice  from  AcientifkL  paneh  andr  occasionally}  rccommendatkons  frum 
more  formal  studies  of  disciplinary  needs  ^nd  Priofkties  provkde  jnpuL  into  the 
anttiTiitikinii  pryc^jsij  for  program  planning^  badgetinir,  ^nd  the  ^dectjon  of  research 
prutjecti^  f<ir  sup|furt  Thu  goal  of  those  programs  hasLeen  straightforward  and  easkly 
uaaeft>ti>od  Tu  ouppurt  the  bc^t  research.  Their  emphasis  has  been  on  excellence 
and  the  production  of  r^^^vw  kno^^ledge  Thckr  perfurmance  ib  ^■valuated  by  examining 
the  scientific  quality  of  the  work  they  have  supported. 

The  bVvotkJ  mode  of  urganiAing  a^d  operating  the  Foundation's  activities  is  ropre- 
^Tiied  by  a  broad  ran^e  of  programs  and  acLkvkUes  organised  separately  fr^m  the 
"research  directorates  These  ns±\v  included  vdacaU^naJ  programi^  interkiational 
M^ken^e*  intergov  em  mental  sckencer  knJuslryi  ufkkveroity  cooperative  neboarchr  small 
busintr^  knnovation  ret>04irchi  prugranis  for  nunonties  and  wonieni  and  undergrod 
uale  research  imtiativcs. 

As  these  example:^  suggest}  Lliese  programs  have  not  generally  been  organized 
around  diSctphnes  The>  have  been  oriented  tuwards  particular  knstitution^  grou^, 
or  i^ueS'  Thekf  programniatk^  contents  prkuntiC^i  and  budgets  are  often  driven  by 
chan^e^>  in  policy  concerns  of  Admknistratiuns  and  Congresses  rather  thdn  by  scien 
lific  developments. 

The  goals  of  thebe  programs  have  bet^n  more  complex  than  those  of  the  activities 
in  the  "research  directorates  "  However,  ,ike  the  'research  directorates"  thdy  have 
streirsed  excellence  as  ind(cated  by  peer  rev^e^^  They  have  alwj  ifted  additional  cfite 
ria  in  setting  priorities  and  selecting  projects,  since  the  work  they  support  is  expect 
ed  to  have  an  impuct  on  inslitutiofi^  or  i^roups  beyond  science  itself  Their  peer  r^^ 
Viewers  and  advisory  p<inels  are  often  heterogeneous  The  rt^suurc^  they  have  dls 
pensed  have  generally  been  small  in  comparison  >^ith  those  of  the  research  pi'o- 
^rams  In  the  fkscal  year  lOM  Budget  Request,  most  of  these  activities  are  displayed 
in  the  Scientific^  Teehnologicah  and  Internntional  Affairs  Directorate. 

After  giving  the  matter  much  thouKb'  ^e  that  this  dual  approach  will  not 

best  serve  the  needs  of  US.  scker-t  ^incering  in  the  year^  immediat«t> 


There  is  the  percepiiotu  external  to  Foundation^  that  the  quality  of  ih^^  work 
supported  in  the  directc>d  programs  is  nut  comparable  to  that  supported  in  the  "re 
search  directorates/'  Because  the  directed  programs  are  otiganized  and  managed  iti 
dopendently  of  the  research  programs*  adoitkonal  concerns  have  been  raised  about 
duplication  of  efforii  lack  of  impact^  and  service  only  to  special  jnt<^rests. 

Seconds  there  iS  also  the  perception  within  the  Foundation  that  one  purpose  of 
many  of  thcsc^  programs*  nameh*  to  familiarize  targt'ted  groups  with  standard  fe 
search  dire<;torate  funding  procedures  and  criteria*  Uta,  not  worked  effectively 

In  my  jadgment*  the  responsibilities  of  the  "research  directorates"  have  been  de- 
fined too  narrowly.  For  example*  for  some  time  there  has  been  a  tendency  to  deem 
phasi/e  the  educatioiifil  aspects  of  research  and  to  tjmPhasiie  those  aspects  that  lead 
to  the  procurement'  of  new  knowledge.  An  exc'ocdingly  important  aspect  of  ^up 
porting  research  in  universities  ts  the  educntion  and  training  of  future  scientists 
and  engineers.  Indeed*  if  that  were  not  sOt  there  would  be  little  Justification  for 
procuring'^  research  pnmardy  from  universities  in  the  first  place.  As  my  remarks 
before  this  Committee  lost  weelt  indicated^  in  the  future  I  expect  to  see  educatioa  at 
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xUt     (tiliuih-  (Mill  iiJuU  JKt  Li^l^uLtL  U  ^<  if>  \nx^nui-  A  i^ntfimu  ui  [^irt  uf  ihi'  rv»pufisibill 

h^L^f'  in  ft^jfiK  jnaiiv  itt'A  Jifiu  n-^iijij^  Utal  ha^t  Ui'[i  utitjJ  nmv  thi'  rL'»tH>ii 

.sibildv  of  tiie  ti*rftlrd  pri*>;ranij*  Ltki-wi^t ,  tin-  NSF  ilaff  fvi  thr  dintUtl  liro^^ramsr* 
miiut  Jt^toli>n  tu'\*  jMriiii^r^fiipj*  \\itb  tb*-  ^^^M'^^[^K  pru^irafN?*  t*j  <i>i»ur<'  tbat  tin-  rv 
^poiijiibihUo  of  tiw^  djrK'lod  pro^riims  ato  nft-t 

Ihi'  Pruifrdiii  Ofiit^f't^  ahd  A^Mstant  Dirci '  '!>  i^ri  tlic  ri^i-arth  pro^iMFii?  mubt  in- 
iiudt'  tuti.sjdt-raijtjii.'>  abu^*t  Xhv  Mtppoft  ul  un<if r^iadudtf-in  mini>rAtKT>  and  \*i^mcnt 
aud  tJLU'rnatJufia]  M^uii^^^  — l;j  n^niv  ^  fow  fxanijUof^  a^  (.bv>  pUiti  (tnd  budget  for, 
i\\v  t*nit[Hfri  of  th*nt  di.^vipli*ie&  Thir'  '  rvM'artb  dir<^i,turaU^&''  mu*t  kiaw  ^^r(^^tcr  rv- 
^|M^fi2)ibtlilv  v^fduaUfi^  altd  di'^j^iuiuiiakiit^  ^f\i  rv'^i  az\  U  prup^^tl?i  tll^tt  bavc  bevti 
hanilk'<l  ptVvioiiiily  by  {he  dirt^ctni  ]>roMramK, 

VijT  brudd  Ls^ui'^,  ^ijib  a»  (liu  partk ipalum  uf  ^giiif'n  and  jiiJtioriUo  tbi'  luan 
a*^t'mt^nt  ^>f  mU^natii^jial  science,  it  bt^  nt^i.'^?**r>  li>  mittnlain  a^iuucj  ^jdc 
of*liii.*iiun,  Tb^j*  rtUl  bv  tht^  rt'i*(>uj*;iibilit>  ul  thr  STIA  dut'\;iori\tL'  Jt^Maff  Aill  pro 
vul*  a  vojJttiiiiiJi^  a>?*t^h?n*t'nt  pro^rt'^?*  towafd,a^'[ii,>  j^t/tiis  **txd  t^tisure  tlut  oack 
irt  tlir  rtw  ar*.h  dirt^tUrf, rK'f'*^e?i  tbo  M^ppurt  iim^bbar^  ty  jultI  obli^jotions 
]'rt\oiii'>;4^  edu^almii  ^^^U  i^ojihiiut'  (i>  luquiro  M'paratr  nianaKt^ment,  ^.th  udvu'V  and 
OKi|«'rjin'*n  trorn.  the  "rt'SiMrch  directorates '  » 

1  vvij^b  Uf  a-^^uii'  >t>ii  Uial  tbt*  r<isuurtt'b  (k-vutcd  tu  iht^sf  pogr(tm»  bv  maiiT- 
t***iif*l  [  iiiLtj^d  io  t^Mabliftb  a  tra^KiiiK  ^>^tuni  to  ejihurf^  tliat  t>ii&  iho  case,  both 
Jor  pijjj«'?i<>  i>l  inh  riial  *najia*;i'jnt  tit  of  Iht*  P't*an<ialion,  tind  to  bt?  aLxoiinti*ble  to 
th<*  I  tj*(Kri'>b  \\v  ttr[ttintu"  if.j.uf  ,.rinoujK*'mtnitb  and  a>ntaiue  to  rea-iyo 
itud  **upjrt*rt  prtjjj^jj^alj*  Jt>r  iht'w  pr*^iirajn^  I  am  tuJiftdi-nt  that  iheso  acUvitios 
nouri;<b  under  thi.s  new  approach. 

The  nitiiia^iemffit  M>lt»  I  have  iK  mitid  is  perhaps  U^bt  tUusirateJ  with  two  exam 
pk>  U^HMdtT  the  of  rttajpjiit^ut  tmd  rfM^^aK  al  undrrtjraduato  itibtUutjon^ 
<  liMri>  tUvbv  iJi^titiihoiLtt  are  t^^tormou^'.s  nnporlanl  jn  produiin^;  tho  Nation's 
tiituce  -^(.unU^ts^  tint}  eft^itK^'n^  In  ^tit.  >unw  <iniler^t*tdiJAii:  Jft^tltut^otTS  Jiave  a 
ri'^^^jr^i  ill  iUiT^  re*i.*rd  that  i>  bettff  lhajj  auv  <>f  our  major  unjvrr^ititi)  Jt  ib  cssen 
ijtti.  UierHore.  that  Uu*  KiKindalmti  be  M^a^itive  to  aad  bU^yportt^'e  of  such  itistita 

Thuj*.  I  i^\pi>ti  Uu^  reM^jrti*  proKfaius.  jjt  the  futuri-.  u>  rtA^-^v  aJ^d  &up(xjrt  propos- 
ai»  Lor  cestMr^h  and  rt'^t-arch  tn^trutiitntdtioii  thai  Kitm^  tj^m  ^mall  cutle^^os  As  Is 
now  the  ^.aM^  eAvrlieJif  Ik-  the  prjnjar>  Lrtterivn,  p(!(*r  roMcw  wiirbe  uwd,  and 
re^ivWfrj*  will  bt^  jielitti'd  approprjate[>  foi  the  Lti»t  in^olvul  P'uo(^n|{  dotibioix* 
bv  ^on^*^letit  with  ihv  ^prxial  ciri,uixibtajKes  surrooiidm*;  rt-^varth  at  undur^radualo 
in^^ituliu[ib  Kor  t'Xdmj'Iis  the  rate  of  pro^rt's^  and  nubladtton  oil  reM'arch  proJect^ 
at  thi.>&e  Ln^t^uU^>rls  t>  JK*v.e^^Hlril^  land  a^'[>roprjate]>  J  »l^rWt'r  than  om-  expects  fronn 
projH  tj*  at  a  ntajor  ri'>et*rih  ujuvfoitv  '!  he  "rf-itMci^h  din"tloratv>"  ^dl  thus  bo  ro- 
**iH.jj**jhb%  ni  the  djM.ij-ioe^  tht\v  support,  for  tht^  hvallh  of  htjeiue  anil  en>;ineorij%^ 

Afn^ihej  jiuSe  iimjpli  \  rxaiiiple  international  MJt-jiic^  ]\i  x\i\i>  taM'i  the  rebponsi 
bi\  Ue^  at  STIA  w*il  be  more  extensive,  ^ind  ab?olutL"l>  ebbt-nlial,  if  NSF  to  mecl  it 
oU^^atJon^  Nev^Ttboii'>>,  ri'^fioJi^tbil  '  lor  the  evaluation  and  fonnol  reconunoniln- 
tLon»  re^ardin^  propo&al^  tuv^rjvin^  int^-nuitton^tl  ^ivienie  Aijt  re^^t  wjth  (.he  'Ve- 
M-^arifrdirri  toralt^s  The  STIA  dtrecloraU-  ssLtfT  will  evaluate  *.ht  -nternatioii,*!  Ah 
ptrtb  o(  th(*>e  propo^alb  ThuK  the  ftnni  d<^itston  wiW  bo  a  joint  one. 

Mn^  sriA  ^itiU  Will  inanUani  up-tl^datf  aworehi.'^b  of  inteniatjorkil  setencc  jind 
t^n^uH-erj[i>^  bv  e^(abjj^/ufiK  and  nMinCamjn^  cle^e  fMrtm^rbhtpb  with  Pnj^THtn  Off! 
cen*  in  the  re>eartb  dirt^ttoraleb  '  aj*/^Hl  a?*  with  thtir  tounti-rp^irtb  jn  other  coun 
tnob  j.taff  Will  aU>  be  exjx'^ti^f  to  Lnaintciin  turrenl  awarene*^  of  iiitcrnation 

a)  prole*.tjU.  appl^abk'  lawa,  (tnd  broach  U  S  GoverKmi-ni  polu  JCb  and  priontjeti  and 
to  keep  Jne  and  the  rt*seiirch  Program  Officors  full,v  inforriHHi 

riie  ri^eartli  difet^lorate"        haVf  tkr  resfwnMbilil^  of  considering  inter  nation-. 
aJ  t>ppi>rtuntlief  (Old  t^iH^pt^ratton  a^  an  rsst  ntial  eleniint  of  the  vitnht^  of  the  dibCi- 
pinie>  thi^>  supjH^rt  I  Mievi-  tin?*  b>blun  will,  over  Umi.,  k\id  to  ureailj  uxpiinded 
internaiii^nai  M,tenutK  i^^^opuralion  whii^h  would  be  to  the  U^nuftt  of  U  S  scionco^ 
and  en^;^lKH.'nn^; 


t  hti  ihHUHfji><J  XUiti  tiMx  i\i  [iLiLJia^cnicnt  r(*spunsjbklil>  wilh  the  Nmtou^i  Sci- 
ence !ioiir<ij  wiih  ihv  Ofdct-  ,ti  Siu-htt'  ntui  Tix\itw\ogy  Pdjc^j  with  th^  O&tce  of 
Mnnugcmen:  and  Uudgt't.  with  tlirtt  |>r^viuUf»  NSF  Dirfi.tors»  with  thi.*  Chairman  of 
our  Committee  on  Ek|ual  Opportunities  in  Science  uiii)  Tcchno]o>g>.  ^with  the 
Women's  SutHTommittee  of  that  Committee^  with  the  Stt'<:nng  Commjtti^e  of  the  Di- 
rector's Advisory  CouneiU  and  with  the  Assistant  Directjr^  of  the  Foundation.  The 
res|)onsos  I  have  r*»cciv^  range  fro  n  concurrence  to  enthusiasm.  \ 


Aa  a  roijult,  I  have  asked  the  Assistant  Dir(^tor&  of  the  Foundation  to  wdrk  out  a 
detailed  implementation  plan  which  will  i 
1  IVfine  responsibility  between  STIA  UA^rdjnutors  and  Bie  research  programs, 
■J  Track  obligations  so  thai  the  dirvtl.    i>rograms  are  supported  at  the  Itj^vels  de- 
sired or  mandated} 


^eadvice  from  the  several  commjlte<*s  I  just  mention^  to  ensure  uipropt-r 


I  KecoiJynend  personnel  adjustments  that  may  be  m^uired  for  the  system  to 
work  optimally. 

I  wish  to  empbasi:£C  that  what  I  proposing  here  ii>  the  initial  outhne  of  ^  plan 
!o  be  implemented  in  October^  at  the  beginning  of  the  new  fiscal  yean  Between  now 
and  then,  there  are  many  sfwcific  details  Ui  b<^  Wv^rked  out.  The  Assistant  Director 
group  1  mentioned  earlier  has  been  meetings  ths?y  are  discussing  these  proposals  m 
their  dir^torates  and  are  de\eLplng  detailed  n^sponses  tn  additJon>  I  plan  to  meet 
with  Foundation  staff  in  more  informal  sessions  to  discuss  the  ramifications  of  this 
plan  ^  ■* 

I  believe  that  thciic  changes  will  enhance  the  intergration  of  women  and  monori' 
t^t.  (ind  of  tnterniaioral  ai-tivitie^  into  the  overall  Foundation  programs.  It  wilj  fur^ 
ther  our  g  ^al  of  broadening  the  attention  of  the  i^^ntire  Foundation  to  the  overall 
health  of  iJtitnct^  and  Uthnology  in  the  U  S.^  including  the  educational  and  scientific 
communication  aspects  of  our  research  Aindin^^. 

Mr  Chairman.  I  know  that  you  ,md  the  other  Members  of  this  Cdmmittee  havr 
always  taken  a  great  deal  of  intt^rest  jn  the  F4>uiidatif>n  and  its  progranis.  1  am  <:er- 
tain  that  you  wiil  be  most  interested  in  learnmg  of  our  progress  in  making  these 
changes  in  management  responsibility  f  shall  be  pleased  to  keep  you  informed  ai> 
we  proceed  I  believe  that  thi^  plan  will  increase  the  Foundation's  ability  to  capital 
i/e  on  the  opportunity  whidi  the  fiscal  year  lOHJ  Budgt^t  Retiue^t  offers  us  to  begin 
re\itali2ing  this  Nation's  si-iencv  and  mgineermg  enterprise.  As  I  sJid  at  the  begin- 
ning of  my  remarks,  the  assurance  of  the  health  and  vitality  of  that  enterprise  ift 
our  most  valid  overriding  goal 

Mr.  Walgren.  Thank  you  vejfy  much,  Dn  Knapp. 
Dr.  Cola-Robles,  do  you  have  a  statenent? 
Dr  CoTA-RoBLES.  No.  I  don*t  have  a  prepared  statement.  I  will  be 
happy  to  answer  questions. 
Mr.  Walgren.  Thank  you. 

It  is  an  interesting  subject  to  pursue.  As  we  indicated  before,  one 
concern  that  when  you  integrate  these  programs  in  larger  orga- 
nizations, they  will  then  get  lost.  As  I  understand  it,  you  are  rec- 
ommcnding  for  the  international  programs  some  $^  million  or 
thereabouts,  maybe  a  little  more  funding  to  be  transferred  out  of 
the  STIA  Directorate  into  the  others;  is  that  correct? 

Dn  Knapp,  That  is  correct.  * 

MV.  Waixsren.  What  happens  to  the  2^  and  ^-year  college  re- 
search  instrumentation? 

Dr  Knapp.  The  2-  and  4  year  college  instrumentation  program  is 
not  in  the.  budget  for  fiscal  year  li)84.  What  is  in  the  budget  is  an 
expsAded  brogram  for  research  support  at  primarily  idergrad- 
uate  institutions.  The  program  is  targeted  for  a  larger  buoget  than 
the  2  and  4*^year  college  instrumentation  program  had  in  the  fi^^cal 
year  1983  biidget. 

Mr  WaiJgren.  What  about  the  experimental  program  to  stimu- 
late  competitive  research? 
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Dr.  KNAm  Wi*  prtiijast*  ty  honor  NSF's  commitments  tu  that  pro- 
gram. $2.0  mi\hvn  ill  fiw^al  A'ear  1981  for  the  continuation  of  grafts 
at  several  universities. 

Mr.  Walgren.  That  program  will  end? 

Dr.  Knapp.  It  will  end  at  the  close  of  1985. 

Mr.  WaijGREN.  That  program  is  the  one  in  which  there  was  a  cer- 
tam  geographic  diytribution  which  we  tried  to  allow  to  happen,  as  I 
understand  it? 

Dr.  Knapp.  That  is  correct. 

Mr.  WALuitfcN.  Apparently  jour  testimony  today  is  in  pursuit  of 
a  January  12  memorandum  outlining  your  proposal;  is  that  cor- 
rect? 

Dr.  Knapp.  The  January  12  memorandum*  was  an  internal 
memorandum  to  members  of  the  Executive  Council  of  the  Founda- 
tion. It  asked  the  council  to  consider  whether  this  plan  would  be 
possible. 

Mr.  Walgren.  There  is  apparently  language  in  that  memoran- 
dum which  would  conflict  at  least  somewhat  with  the  thrust  of 
ytiur  concept  today  of  joint  decisionmaking  with  the  STIA  people. 
Apparently  it  4>ay&  in  that  memorandum  that  the  research  director- 
ates would  have— and  I  quote— "Sole  responsibility  for  receivings 
evaluating,  and  decisionmaking  on  all  proposals.'* 

Today  we  are  talking  about  at  least  some  level  of  joint  decision- 
makmg.  Can  you  develop  the  concept  of  the  jointness  of  that  deci- 
sionmaking? How  would  that  work? 

Dr.  Knapp.  The  quotation  deals  with  international  programs.  For 
some  internatjonat  programs  within  the  Foundation,  particularly 
those  associated  with  bilateral  agreements  with  other  nations, 
there  are  aspects  that  concern  the  research  to  be  done  and  also  as- 
pects that  concern  the  foreign  policy  implications  and  the  thrusts 
of  tliabilateral  agreements. 

I  would  expect  the  research  directorates  to  be  responsible  for 
judgmg  the  scientific  aspects  of  the  program  and  the  STiA  director- 
ate to  be  responsible  for  judging  whether  the  proposals,  satisfy  the 
international  agreements  and  goals  of  the  U.S.  Government. 

The  decision  should  be,  a  joint  decision,  not  just  on  the  research 
to  be  done>  but  on  the  research  and  on  the  international  aspects.  I 
believe  that  NSF  can  dei  e'op  a  management  system  that  will  allow 
such  joint  decisions  to  be  made  in  a  reasonable  way. 

The  research  -uspects  of  some  of  NSF's  international  agreements 
have  been  criticised  by  various  sources.  The  joint  decision  will  alle- 
viate such  criticism  and  will  not  cause  additional  problems  with 
the  international  aspects. 
Mr.  Walgren. ;The  criticism  has  been  of  >vhatj  again?  I  am  sorry. 
Dr.  Knapp.  The  quality  of  the  science  done  in  some  of  the  pro- 
grams. ^ 

Mr.  Walgren.  In  your  testimony,  you  indicate  that  that  is  a  per- 
ception. I  think  that  is  the  word  you  used. 
Dr.  Knapp.  That  is  Correct.  That  is  the  word  I  used,  I  personal- 


Mr.  Walgren.  Dc\you  feel  that  that  is  a  correct  perception? 
Dr.  Knapp.  It  is  cprrc."*  in  some  cases,  incorrect  in  others.  Some 
extremely  good  scien,c6  is  o^/i  e  in  the  international  programs.  But  I 
think  the  range  of  irtve&tigators  applying  for  grants  within  the  in- 
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ternational  proi;raiti»  Will  hi;  ci>nbiderabl>  wider  if  the  research  as- 
pects are  managed  by  the  H-scarch  directorateb.  These  directorates 
nave  wider  contact  with  any  given  discipline, 

I  think  we  will  have  a  bigger  pool  of  potential  proposals  under 
the  new  system  of  management, 

Mr.  Walgren.  You  indicate  there  is  a  way  to  make  *.hat  joint  de- 
cision in  a  reasonable  fashion.  That  is  a  tough  decision  to  make,  in 
a  v^ay.  1  don't  know  much  about  decisionmaking,  really,  particular- 
ly from  a  management  standpoint.  1  just  can  only  wonder  would 
one  part  have  a^  veto  over  the  other  part?  Or  how  would  you  re- 
solve differing  views  between  these  two  partners  in  that  decision? 

Dr.  Knapp.  The  purpose  of  my  working  group  of  the  NSF  Assist- 
ant  Directors  is^to  determine  whether  we'  can  develop  a  manage- 
ment system  that  will  allow  joint  decisions  to  be  made,  I  have  no 
complete  assurance  that  this  is  possible.  If  it  is  impossible,  of 
course,  we  won*t  go  forward  this  way,  I  believe  that  it  is  possible, 

I  also  believe,  however,  that  the  correct  people  to  develop  such  a 
joint  decisionmaking  mechanism  are  the  people  involved  in  the 
process  themselves— not  the  Director  of  the  Foundation  saying  it 
wilt  be  done  this  particular  way, 

Mr.  Walgiien.  In  the  budget,  here  are  no  line  items  within  the 
research  directorates  for  international  programs.  You  indicate  that 
you  are  going  to  have  a  tracking  system  for  this  effoit  internally. 
How  would  that  work  out? 

Dr.  Knapp.  These  proposals  are  still  separately  directed  to  these 
programs  when  they  are  submitted  to  the  Foundation,  the  tracking 
should  be  relatively  straightforward.  We  now  have  a  computer 
tracking  system  for  applied  research  within  the  Foundation,  and 
applied  research  is  nnuch  more  difTicult  to  track,  because  a  great 
deal  of  judgment  is  involved  in  deciding  whether  research  is  ap- 
plied or  basic.  That  tracking  system  seems  to  be  working  quite 
well,  I  think  it  was  put  in  place  at  the  request  of  your  committee, 

Mr.  Walgiien,  Let  me  at  this  point  turn  to  my  colleagues  and 
recognize^  first,  Mr,  Valentine,  for  any  thoughts  that  he  might 
want  to  r^ise, 

Mr,  Valentine,  Mr,  Chairman,  1  am  involved  with  my  colleague 
here  in  a  learning  process.  We  have  been  Members  of  Congress 
only  a  short  period  of  tim^;.  Our  questions  wUl  be  to  try  to  get  some 
information.  It  may  be  v^ry  well  known  to  everybody  else  here. 

Doctor*  in  these  documents  you  referred  to  international  pro- 
grams. Does  that  mean  some  type  of  scientific  research  that  is  con* 
ducted  overseas  or  are  we  talking  about  grants  that  ^o  to  institu- 
tions or  agencies  in  foreign  countries,  which  would  be  in  the  nature 
of  some  type  of  foreign  aid?  Or  what  else  do  we  mean  by  interna- 
tional programs? 

Dr,  Knapp,  What  NSF  means  by  international  programs^  in  the 
context  we  are  talking  about  this  mornings  are  joint  research  pro- 
grams,  usually  under  an  agreement  established  between,  the 
United  States  and  some  other  country.  Scientists  from  the  United 
States  and  scientists  from  a  foreign  country  work  jointly  in  cooper 
ative  pursuit  of  certain  scientific  research. 

For  example,  under  agreements  with  some  South  American 
countries  United  States  scientists  study  the  biology  in,  say,  the 
Amazon  Basin,  The  work  gives  American  scientists  access  to  sites 
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outhidc  thr  Unit^'tl  StitU^b  that  tir^;  important  to  bcientific  research, 
li  ib  nut  a  forrii^ri  aid  in^^rain.  It  can  fund  foreign  scientists  to 
conie  tu  the  Unittd  Stdtcs  and  viork  with  United  States  scientists* 
but  ihib  lb  not  a  program  of  trdnsferring  money  outside  the  United 
States  for  foreign  governments  to  do  research. 

Mr.  VAM:NTjNK,  Generally  speaking— would  a  program  of  the 
kijid  yuu  mtrntiunt'd  jn  Suuth  AmeriLd  t>e  financed  more  or  less  en- 
tirely by  thib  uuuntry  or  by  the  United  States  and  the  other  coun- 
try involved?  Or  i&  it  kind  of  like  the  United  Nations,  we  pick  up 
mosf  of  ihe  tab? 

Dr.  Knapk  There  are  both  kinds  t>f  funding.  In  most  cases>  the 
retj^jarch  isjt>intl>  funded.  This  ib  particularly  true  with  European 
partners  in  these  enterprises. 

In  othtr  casCh  viith  Third  World  countries*  NSF  may  pay  propor- 
tionately more  of  the  cost, 

Mr,  Green  vvould  you  like  to  comment? 

Mr,  GitEEN,  I  am  Mr,  Richard  Oreen,  Assistant  Director  of  the 
Scientific*  Technological  and  Internatioiial  Affairs  Directorate, 

NSF  currt*iitly  participates  in  some  bilateral  agreements  for 
M^u'iitifiL  tuyp^jration.  Typically*  as  Dr,  Knapp  indicated,  vve  have 
jyint  funding  arrangements  vihich  support  cooperative  science  proj- 
ects where  the  research  i&  conducted  in  both  the  United  States  and 
in  tile  ftipjjgn  country.  In  certain  limited  instances,  ir  the  Third 
Wurld  Lwuntrics,  project  coiits  are  paid  fully  bv  NSF  for  the  United 
Statt-ij,  but  these  project*  are  relatively  small  in  scope  and  limited 
to  the  science  in  developing  countries  prog'ram, 

Mr.  Valkntink,  Thank  you  very  much, 

Mr,  WALGRE^r,  Thank  you*  Mr,  Valentine, 

Mr,  Reid,  I  have  no  questions. 

Mr,  Walg^kn,  Thank  you,  Mr,  Reid, 

I  would  like  to  say  we  are  all  learning  in  this  process  The  truth 
of  the  matt^jr  is  that  I  only  became  focused  on  this  a  short  time 
tigo  So,  believe  me*  all  the  infwi  Tiation  that  we  get  is  new  to  me. 
No  onv  shoii)*j  think  that  anyKdy  has  been  over  that  ground 
before  because  chances  are  we  have  not, 

Dr,  Knapp,  I  would  like  to  ask  again  about  the  social  and  the  be- 
haviwral  sciences.  I  cannot  help  but  be  struck  by  the  fact  that  there 
IS  a  tremendous  gap  in  our  knoviledge  in  this  area  and  in  the  at- 
t«.^ntiont  yr  the  lack  of  attention  that  it  has  received  over  the  years 
(rum  the  N^itional  Seienee  F(>unddtion,  compared  to  other  sciences^ 
I  kmw  t]iew  are  syme-  rt-asunii  for  that*  but  we  did  go  through  a 
rather  arbitrary  and  pohtieally  driven  reduction  in  the  behavioral 
and  soCjal  sciences  in  1980. 

The  new  admintstratjont  the  testimony  showed,  did  not  review 
the'tr  prupostils  with  anyone  in  the  National  Science  Foundation 
until  tliL'  prtjpohdls  were  t>rt^en*ed  21  hf^urs  before  being  se^it  to 
the*  Hill  by  the  Office  uf  Management  and  Budget,  In  those  propos- 
als were  an  extremely  deep  and  selective  cut  m  social  and  behav- 
ioral sciences.  You  didn*t  ha\e  to  fall  ofT  the  turnip  truck  yesterday 
to  know  that  this  administration  did  not  approve,  on  a  political 
basis,  of  i>ucial  enj^in(.'t*ring  and  Government  involvement  in  areas 
thai  are  admitttKily  controversiial. 

I  cannot  help  but  note  that  Stanford  University  conducts  d  pro- 
gram of  science  reeducation  for  its  graduates  and  particularly 
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many,  many  maniigoment  x^ple-  In  that  program,  they  have 
found  that  dltliuu^h  the  ;>utijl  btjcnceb  are  the  most  controversial 
at  the  outset,  tht?y  are  tho.  mobt  valued  by  the  Stanford  graduates 
in  the  retrospective  evaluation  of  their  scientific  exposure, 

I  am  not  talking  about  students  at  this  point,  but  I  am  talking 
about  the  alumni  that  come  back  for  what  is  known  as  Alumni  Col- 
lege,  or  whatever  it  \s  called. 

I  just  walked  down  the  Mall  and  I  see,  on  thv  one  hand,  the  Ein- 
stein Memorial  Fifty  yards  across  the  way  ib  a  memorial  to  our  in- 
ability to  structure  human  rt*lationshipb  in  a  way  that  we  don't  kill 
each  other.  Every  evidence  albo  shows  thai  incredibly  interwoven 
with  any  economic  problems  that  we  have  are  how  the  human 
beings  are  interacting  with  the  system. 

There  are  real  grounds  for  the  statement  made  by  some,  that  the 
greatest  potential  to  increased  economic  pioductivity  involves  the 
human  interaction  ^^ith  the  economic  system  in  whatever  stage  it 
is. 

Given  all  the  potential  in  that  area*  and  given  the  nonscientific 
base  of  the  reduction  in  that  area,  I  cannot  help  but  note  that  we 
are  still  much  behind  in  social  and  behavioral  sciences  when  you 
start  from  a  base  year  of  1080  and  measure  the  National  Science 
Foundation's  effort. 

Although  there  is  an  increase— and  I  ap['iud  that  increase  and 
want  to  encourage  >ou  in  that --the  truth  of  it  is  that  the  increases 
\u  the  other  areas  are  in  greater  amounts,  and,  therefore^  the  rela- 
tive effort  is  still  declining  under  your  recommendations. 

The  congressional  committees  have  not  supported  that  decline. 
The  congressional  committees  have  asked  in  each  case  that  the 
social  and  behavioral  sciences  be  brought  back  to  the  level  of  fund- 
ing, that  the>  experienced  before  this  truly  arbitrary  reduction.  We 
are  still  some  22  percent  below  the  level  of  1980  in  our  1984  budget, 
whereas  every  other  part  of  the  National  Science  Foundation  is 
substantially  above  the  1980  level. 

Do  you  really  want  to  preside  o\er  an  administration  of  the  Na- 
tional Science  Foundation  that  is  not  increasing  its  attention  to  be- 
havioral and  social  sciences? 

Dr.  Knapp.  I  have  been  the  Director  of  the  National  Science 
Foundation  only  a  short  time.  I  am  not  an  expert  in  any  of  the 
social  or  behavioral  sciences,  I  feel  myself  incompetent  to  make 
\alue  judgments  among  \arious  boLial  and  bt*ha\iorat  sciences  or  to 
judge  their  \alue  with  respect  to  other  sciences.  I  have  discussed 
the  social  and  beha\ioral  sciences  with  several  social  and  behavior- 
al scientists  who  have  come  to  visit  me.  In  many  cases*  these  sci- 
ences are  extremely  valuable  They  should  be  supported  and  sup- 
ported wellr  within  the  Foundation, 

I  won't  have  to  make  that  sort  of  decision  until  I  come  to  the 
fiscal  year  VJ^o  budget,  the  first  one  I  will  really  affect-  However^ 
let  me  say  that  we  tried  in  the  Foundation,  with  the  resources  at 
handr  to  give  tht*  social  --nd  behavioral  bciences  an  increase  in  the 
fiscal  >ear  1381  budget  commensurate  ^ith  the  cLher  sciences  and 
the  funds  at  NSF's  disposal- 

Perhaps  Dr.  Cota  Robles  would  like  to  comment.  lie  represents 
the  National  Science  Board  here.  He  also  helps  to  set  budget  prior- 
ities within  the  Foundation, 
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Dn  C^nA-Rom.ks  Yiju  arc  aware  that  the  Board  has  stated  it  is 
jmportaiit  thai  ihy  hocitil  ynd  bt;haviorat  sciences  be  included 
within  thy  scientific  t^ntcrprise.  In  Jun-:  the  Board  made  a 

clear  btdtement  about  lib  concern  fur  continuing  to  support  those 
&cieJ-^;e&  and  for  including  them  within  the  National  Science  Foun- 
dation, 

The  Buard,  of  cuur^e.  hd&  t^mphasized  certain  quantitative  areas- 
The  duUi  bti&eij  cib^lutel>  should  be  maint<ijnedt  and  the  Board  has 
done  ao.  We  are  trying  to  brinfj  the  other  areas  back. 

I  might  remind  you  that  some  other  areas  in  the  National  Sci- 
ence Fuuiidation  have  been  cut  severely.  For  example,  mathematics 
wa&  cut  in  the  mid-I!)70s.  The  Board  is  trying  to  bring  that  area 
btick.  When  there  have  been  cuts,  The  Board  has  tried  to  return 
the  fundint^  to  the  highe&t  level  appropriate  within  the  total  plan- 
ning. 

I  believe  the  Board  iij  committed  to  continued  Support  of  the 
social  sciences.  I  serve  on  the  Budget  Committee.  We  have  a  social 
scientist  sitting  ab  chairman  of  the  Budget  Committee.  He  does 
present  these  needs  completely  as  well. 

Mr.  WAUatKN.  I  certainly  appreciate  that.  I  do  want  to  empha- 
size that  other  committees  that  have  looked  at  the  National  Sci- 
ence Fuundatiun'ii  budget  from  a  public  representative  standpoint 
have  given  the  same  direction,  really,  and  with  one  thing  and  an- 
other given  the  contradictions  in  the  appropriating  and  the  place- 
ment of  dollars  process  in  the  Congress, 

We  have  not  mandated  those  1980  dollars;  but  the  committees 
them&elves  had  directed  that  the  behavioral  and  social  sciences 
effort  be  returned  at  loast  to  the  fir-cal  year  1980  level.  It  really 
wa&  simply  the  slip  between  the  cogs  of  the  wheel  and  in  some  part 
the  discretion  that  the  Ditector  of  the  National  Science  Foundation 
has  under  the  process,  or  under  the  last  appropriationf  as  I  under- 
stand it,  that  has  resulted  in  that  not  being  the  case. 

You  indicate  that  you  have  tried  to  bring  this  back  within  appro- 
priate planning— in  Dr.  Cota  Robles'  words.  In  Dr  Knapp  s  words, 
"we  jjave  them  an  increase  that  wab  commensurate  to  the  others  in 
this  system.'' 

Is  there  any  vvay  you  can  describe  to  us  the  competition  that  led 
to  the  deciding  of  what  is  the  "commensurate  increase"  and  what 
IS  the— well,  withm  appropriate  planning?  It  is  a  separate  effort.  I 
du  realize  at  some  point  we  have  to  sit  down  and  allocate  dollars. 
But  one  nute^  that  a^trunomicaU  atmospheric.  Earth,  and  ocean  sci- 
ences come  up  54  percent  above  the  previt^us  level  and  social  and 
behavioral  sciences  are  22  percent  below  the  previous  level— and 
we  are  not  talking  about  big  dollars  in  the  overall  sense-*  we  are 
t*ilkin^'  about  an  effort  that  is  about  $16  million  out  of  a  $1  billion- 
plus  budtjet.  How  do  >ou  weigh  that  commensurate  increase?  What 
is  behind  the  word  "commensurate"? 

Dr.  Knapp.  The  situation  in  almost  all  of  the  physical  sciences 
has  been  a  disastrous  lack  of  instrumentation.  NSF's  first  priority 
in  the  budget  for  fiiical  year  1984  was  to  address  the  problems  of 
instrumentatiun.  The  social  sciences  do  not  require  instrumonta^ 
tion  of  the  general  type  needed  by  the  physical  sciences. 

So  we  tried  first  to  address  the  instrumentation  problem.  And  we 
tried  to  address  a  serious  problem  in  mathematics  that  had  devel 
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upud  uvur  10>ujr>i  in  thu  funding  uf  graduate  btudentb  and  postdoc* 
tufiil  fdluwt>.  M*itlu  iiiatits  dlbu  survived  a  striuus  cut  in  the  early 
197t}'b  rcbultrng  prinMril>  frum  the  rtductiun  in  funding  for  math^ 
ematicb  from  the  Department  uf  Defen^e^  nut  from  the  Foundation, 
In  that  context,  I  believe  the  social  sciences  received  funding  in^ 
crejbeb  that  art;  roughl>  the  ^me  as  thobe  received  by  the  physical 
sciences. 

Mr.  Wauihen.  Well,  I  understand  that  commensurate  might 
mean  roughl>  the  bame,  and  >et.  it  strikcb  me  that  the  committees 
of  the  Congress  were  looking  fur  a  restoration  rather  than  the 
same  treatment  at  that  point* 

Let  me  ask  this  question.  It  is  my  understanding  that  there  is  a 
certain  amount  of  undistributed  fiscal  year  1983  moneys*  $4,3  mil- 
lion. Is  that  available  for  living  up  to  the  directions  of  the  Congress 
and  thube  committees  with  respect  to  social  and  behavioral  sci- 
ences? ^    ,  , 

Dr  Knapp,  The  $1,3  million  jn  undistributed  funds  were  in  the 
budget  for  the  ocean  drilling  program  and  were  to  be  allocated  be- 
tween the  ocean  drilling  program  and  other  programs  of  the  Foun- 
dation, depending  upon  the  outcome  of  the  ad  hoc  advisory  group 
on  crusJtal  studios. 

At  the  present  time  we  are  studying  the  procedures  that  we  will 
follow  in  the  crustal  studios  program.  We  will  have  a  recommenda- 
tion within  the  Foundation  for  the  allocation  of  those  funds  in 
about  a  month. 

Mr.  Wau^rKN.  We  would  be  very  interested  in  that  recommenda- 
tion for  the  allocation  of  moneys.  If  I  remember  the  drilling  pro- 
i^ru,**  testimon>,  we  att;  looking  dt  saving  some  money  from  origi- 
nal expectations  in  that  program, 

Dr,  KNAPp,  That  is  correct. 

Mr.  WALtiHEN,  That  would  mean  that  there  may  be  some  funds 
that  had  been  intended  for  that  program  that  should  be  redirected, 
I  would  trust  that  the  Congress  would  pla>  some  role  in  redirecting 
those  moneys. 

Dr  Knapp.  The  Congress  would  be  asked  to  appiove  whatever  al- 
location NSF  makes  of  those  funds, 

Mr.  Wai-ghen.  Let  me  ask  my  colleagues  for  any  further 
thoughts? 

Mr.  pymally, 

Mr.  DVmallv,  Thank  you»  Mr,  Chairman. 

Dr,  Knapp,  I  observe  that  you  said  you  weren't  an  expert  in 
social  ^Science,  I  am  not  an  expert  in  science  either,  I  observe  with 
some  concern  that  10  of  the  1^  advisers  of  the  President  are  from 
the  hard  sciences.  Is  it  because  you  don't  look  at  the  social  sciences 
as  significant  in  the  NSF  objectives? 

Dr,  Knai»i\  You  are  talking  about  membership  on  the  National 
Science  Board? 

Mr,  DvMALLV,  Yes, 

Dr,  Knapp,  The  statute  which  established  the  National  Science 
Board  

Mr,  DvMAU,Y,  I  think  it  was  the  President's  advisers  I  referred 

to, 

Dr,  Knapr  Oh,  the. President's  Advisory  Committee. 
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Mr  DvM*r\v  Yt\s.  You  don't  talk  to  the  President  every  morn- 
ing? 

Dr.  Knait.  The  Prt»:*idt!nt  y  Advisory  Committee  advises  Dr, 
George  Keyworth,  the  President  s  science  adviser  I  have  nothing 
to  do  with  the  committee  or  how  it  is  chosen  or  what  its  member^ 
ship  is. 

Smce  the  committee  advises  Dr.  Keyworth,  its  members  are 
people  whom  he  (eoh  ht*  can  nbk  for  advice.  The  members  may  not 
be  broadly  reoresentative  of  science. 

Mr  DvMALi.v.  Of"  course,  Dr.  Keyworth  influences  the  budgetary 
process  for  NSP'  because  in  the  final  analysis  he  works  with  0MB,  I 
am  sure? 

Dr  Knapp.  Yes. 

Mr  Dymallv.  So  in  the  absence  of  any  input  from  the  social  sci- 
ences we  find  a  diminution  of  emphasis  on  social  sciences  I  raise 
that  to  lead  to  another  question. 

Even  though  your  name  gives  the  impression  you  are  embarked 
on  hard  sciences,  you  also  have  human  factors  involved  in  NSF's 
mihbion.  It  is  a  question  of  women,  minorities,  and  the  handi- 
capjjetK  What  bothers  me  a  little  bit  is  in  your  new  management 
plan  I  am  not  bo  bure  that  there  will  be  sufficient  emphasis  on  the 
human  factor 

Dr.  Knait.  I  believe  there  will  be  more  emphasis  on  human  fac- 
ton?  in  the  new  way  of  managing  the  Foundation.  Program  manag- 
ers in  the  scientific  disciplines  disbursing  the  greatest  amount  of 
NSF  funds  should  be  responsible  for  considering  human  factors  in 
the  fundmg  of  science  particularly  in  funding  the  graduate  educa- 
tion of  most  of  the  scientists  of  the  future. 

The  amounts  of  money  to  be  spent  on  these  programs  are  not  to 
be  diminished  in  any  way  by  managing  in  a  difTerent  manner  In 
fact,  no  organiscational  change  is  required  for  the  new  management 
system  to  work.  It  is  a  matter  of  emphasis  within  the  research  di- 
rectorates. 1  am  asking  that  this  emphasis  be  not  only  in  the  set- 
aside,  Or  mandated,  programs,  but  also  in  the  general  programs  of 
the  Foundation's  directorates, 

Mr  Dymally.  You  said  research,  ftiope  you  weren't  strengthen- 
ing my  bias  by  suggesting  that  these  people  are  really  concerned 
with  dispensing  money  for  research  not  for  bringing  some  of  the 
people  into  the  system.  I  guess  you  may  have  tnose  human  fac- 
tors  


making  it  possible  for  them  to      research  of  high  quality*  so  that 
the  next  tin^e  they  apply  they  will  be  more  likely  to  be  successful 
in  the  pursuit  of  a  research  career 
Mr.  Dymally.  You  see  

Dr.  Knapp.  There  is  no  intention  to  diminish  the  funds  NSF  uses 
to  bring  new  people,  minority  people  and  women  into  the  research 
system.  We  hope  that  by  managing  in  a  different  way,  we  can 
make  it  easier  for  those  people  once  in  the  system  to  slay  in  the 
system. 

Mr.  Dymally,  Dr.  Cota-Robles. 

Mr.  CoTA-RoBLEs.  I  just  wanted  to  say  the  responsibility  is  not 
only  to  support  research,  but  also  to  develop  personnel  and  develop 
the  available  talent.  The  Foundation  has  not  pulled  back  on  its 
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t^^ommitniont  to  try  to  further  develop  tho  American  talent  pool 
and  the  ressoura^  io  do  *iciujice. 

Mr.  Dymally.  What  I  am  hearing  from  Dr.  Knapp  and  from  you^ 
Dr  Cola  Robles*  really  are  assurances  there  wiK  be  iionie  emphabi^ 
on  that  part  of  the  mission  also? 

Dr  Knapp,  Absolutely;  that  is  correct, 

Mr.  Dymally,  Thank  you*  Mr.  Chairman. 

Mr.  Walghen.  Tliank  you*  Mr.  Dymally. 

Other  comments? 

Let  me  recognize  Dr,  Maxwell  for  a  question  at  this  point. 
Dr,  Maxwell.  Thank  you*  Mr.  Chairman. 

1  would  like  to  follow  up  on  a  point  made  b>  Dr.  Knapp  earlier 
on  the  international  activities.  You  stated  that  >ou  felt  by  making 
the  change  as  you  have  outlined  in  your  memo  and  in  your  testi- 
mon>  that  >txi  expected  this  would  encourage  a  larger  pool  of  re- 
searchefb  to  bc^^made  availablt'  for  participation  in  international 
activities  That  is  laudable.  In  fact*  1  would  hope  we  could  encour- 
age more  researchers  to  participate  and  be  involved  in  internation- 
al aspects. 

The  ptTCc*l)tion  in  NSF^  as  we  noted  earlier  also^  is  probably  just 
impoKant  as  realit>.  The  perception  of  anyone  who  looks  at  the 
budget  and  familiar  with  international  activities  as  opposed  to 
the  domebtic  activities  would  note  that  there  has  been  a  50  percent 
decline  in  &iipport  ofinternational  activities  commensurate  with  a 
substantial  increa^e'in  the  research  activities*  overall  of  the  entire 
Foundation. 

Why  would  >ou  expect  then  that  given  that  perception  you  would 
have  a  larger  pool  of  researchers?  Wouldn't*  in  fact*  we  see  a  situa* 
tion  where  given  the  perception  of  less  emphasis  on  international 
programs^  less  mone>b  made  available*  that  there  would*  in  fact*  be 
Ie£>s  inclination  b^  the  researchers  in  general  to  propose  to  NSF  in- 
ternational activities? 

Let  me  follow  up  on  that.  You  also  stated  that  you  felt  the  deci- 
sion w(juld  be  made  ji.intl>  hy  the  research  program  managers  who 
uould  make  value  judgments  based  on  scientific  criteria  of  re- 
search proposals  on  activities  that  by  and  large*  as  >ou  also  noted* 
are  designed  to  take  into  account  other  priorities.  In  fact^  scientific 
criteria  are  probably  the  least  of  the  priorities  that  are  considered 
for  these  particlar  proj^rams,  and  that  is  wh>  in  the  past  the>  have 
been  separated  from  the  re^^j^  proposals.  Yet*  you  are  in  a  situ- 
ation where  you  place  the  rnSne>  in  the  hand^  of  people  who  will 
turn  the  system  around  entirel>  and  will  be  abked  to  make  criteria 
judgments  that  don't  take  into  account,  at  least  as  one  looks  at  it 
now*  the  polic>  and  the  foreign  assessment  needs  that  we  hav*?. 

I  gut^Xhat  lead£>  to  m>  bottom  line.  Wh>  not  simply  have  those 
tijret;tors  more  iJivolved  in  malting  recijmniendations*  and  why  not 
place  the  emphasis  in  international  activities  in  a  w^>  that  the 
perceptions  as  well  as  the  realities  such  that  we  are  trying  to  in- 
crease focui*  on  international  activities  rather  than  the  perception 
that  seemc»  to  be  uuming  forward  that  >ou  are  deemphasizing  that 
activity? 

Dr.  Knapi*-  L^t  me  start  with  the  first  part  of  your  question 
abo^ut  the  budget  for  international  activities.  The  budget  for  such 
activities  is  not  reduced.  It  provides  $o  million  to  STIAj  and  more 
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than  $r>  rnittiuri  tu  he  distributed  in  the  research  directorates  with 
the  requirt'nient  that  ihoHt*  luiids  be  used  for  international  activi- 
ties. So  the  budget  fur  international  activities  is  the  same  or  slight* 
ly  enhanced  from  fiscal  year  1983, 

Mr,  Maxwell.  It  is  only  if  one  looks  at  that  activity  that  you  see 
yt'bi  there  is  mone>  supposedly  available  in  the  other  directorates; 
yet  nowhere  in  the  rest  of  the  budget  does  it  indicate  there  are  any 
international  money  in  any  of  the  directorates. 

It  only  states  it  in  one  line  and  shows  a  decrease  in  the  STIA 
activities, 

Dr,  Knapp,  I  thought  we  had  in  the  budget  the  total  amount  for 
international  activities,  U  includes  the  amount  for  STIA  plus  the 
amount  allocated  to  the  directorates.  If  we  do  not,  I  will  provide 
something  for  the  record  to  show  it,  _  ._ 

Mr,  Maxwell,  It  shows  the  total  amount,  Itjiii^s  not  show  in 
each  of  the  directorates  there  is  "^wi  internaJdonalTtne  provided 
within  each  directorate.  It  is  only  witmK  th&^TIA  budget  line  that 
shows  elsewhere  in  the  activities  we  win  do  4,9  million  dollars 
worth  of  activities*  or  $5.9, 

Dr,  KisiAPP,  We  intend  to  show  within  the  budget  the  amounts  to 
be  spent  by  the  Foundation.  The  sum  includes  the  amounts  for  the 
directorates  plus  the  amounts  for  STIA,  We  will  work  with  you  to 
develop  u  display  mechanism  within  the  budget  that  allows  the 
amounts  to  be  seen  clearly. 

As  for  the  second  part  of  your  question*  I  believe  that  the 
diviMon  of  responsibilities  between  the  directorates  and  the  inter- 
national management  aspects  located  in  STIA  will  make  the  pro- 
gram  managers  much  more  aware  of  international  opportunities. 
In  the  managers'  discussions  with  the  scientific  community  they 
serve»  these  opportunities  will  become  more  widely  known  through- 
out entire  scientific  disciplines*  and  I  believe  that  knowledge  will 
lead  to  enhanced  participation  in  the  international  activities  of  an 
entire  discipline,  I  can  say  only  that  that  is  my  belief.  I  have  no 
proof  that  it  would  certainly  be  the  case. 

Mr,^MAXwEix,  As  I  said  at  the  outset,  I  think  what  is  perhaps 
more  important  than  anything  else  is  the  perception  of  what  is 
being  attempted  as  well  as  the  reality.  I  think  we  will  probably 
want  to  explore  how  we  can  enhance  perception  that  we  are  trying 
to  focus  more  directly  on  international  activities.  As  I  know,  it  is 
hard  to  try  to  involve  the  program  manager  activities  within  the 
research  directorates  more  directly  with  international  programs.  I 
would  suggest  there  are  probably  some  questions  here  that  rise 
when  you  appear  to  be  reducing  a  budget  by  some  50  percent  and 
decreasing  the  emphasis  when,  in  fact,  you  are  trying  to  do  the  op- 
posite. 

Thank  you*  Mr,  Chairman, 

Mr,  WALGitEN,  Thank  you,  Mr,  Maxwell, 

The  Chair  recognizes  counsel  for  the  minority, 

Ms,  Bach,  I  would  like  to  change  the  line  of  questioning  to  some 
of  the  current  vacancies  you  have  in  the  top  level  of  NSF*  one 
being  the  Deputy  Director, 

As  I  understand,  there  are  other  vacancies.  This  has  caused  con- 
cern for  members  on  this  subcommittee  as  well  as  the  full  commit- 
tee since  we  understand  there  is  a  clear  perception  the  White 
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lloubc'  ib  aiixiou^i  to  move  on  Uiib.  Could  you  indicate  to  us  what 
kind  of  time  fathedule  >ou  are  on  for  filling  thebe  vacancies? 

Dr.  Knapp,  Yes,  I  can.  The  Board  and  IJirector  jointly  nominate 
candidates  for  these  positions.  The  White  Hoube  then  makes;  the 
fmal  nominations.  For  the  position  of  Eteputy  Director,  we  have 
narrowed  a  l[i>t  of  i>ome  90  nominees  from  outside  organizations  to 
a  more  manageable  size  The  list  w  Itl  be  voted  upon  next  Thursday, 
I  hupe,  by  the  National  Science  Board,  It  thon  will  be  delivered  to 
the  White  House. 

The  nominees  for  Absistiint  Director  positions  should  be  chosen 
at  the  April  Board  meetinf^, 

Ms,  Bach.  Thank  you,  Mr,  Chairman, 

Mr  Wajxjren.  Thank  you^. 

We  will  hold  the  record  open  for  written  questions  that  members 
might  like  to  submit.  We  want  to  thank  you  very  much  for  your 
testimony,  Dr,  Knapp,  It  has  been  good  hiiving  you  at  thvse  several 
hearings.  We  look  forward  to  working  with  you  in  the  follow-on. 

Dr.  Knapp.  Thank  you. 

Mr  Wai-OKkn,  Thank  you.  Dr.  Cota*Roble^, 

The  next  panel  is  focused  on  the  biological  and  behavioral  sciences, 
DrT  Tnomas  Juster,  University  of  M  chigan,  Dr,  Herschel  Leibowitz 
from  Penn  State  University;  and  Mr,  Joe  Wyatt,  Chancellor  of 
Vanderbilt  University,  Would  those  gentlemen  please  come  forward, 

STATKMKNTS  i)V  DR  TIJOA!AS  JISTKR-  I  NIVKHSITY  MICIII- 
t;AN;  NKHSCHKI.  I.KiftOWlTZ-  PKNN  STATK  I  NiVKRSlTY;  AND 
JOK  WYATT,  CIIANCKl.LOlt  VANDKRHU.T  UNlVKRSlTY 

Mr,  Walgren.  We  appreciate  your  coming.  Please  proceed  to 
summarize  in  whatever  way  you  feel  would  be  most  efTective  in 
making  the  points  you  feel  deserve  to  be  emphasized. 

Dr.  JusTER,  Thank  you,  Mr.  Chairman. 

Firbt*  I  would  like  to  express  my  appreciation  for  being  able  to 
testify  before  this  committee,  I  would  especially  like  to  register  my 
thanks,  ^nd  that  of  my  colleagues^  for  the  srrong  support  this  sub- 
committee has  given  to  the  social  and  behavioral  sciences  over  the 
last  several  years.  That  support  has  been  crucial,  as  I  am  sure  you 
know,  in  maintaining  a  semblance  of  strength  in  those  programs 
and  prevented  them  from  eroding  more  substaijrfally  than  would 
liave  been  the  Case,  / 


I  would  like  to  summarize  the  first  P^^rt  of  my  comments,  Let  me 
begin  with  a  general  framework,  I  would  like  to  use  the  general 
perceptions  that  are  reflected  in  the  testimony  that  Dr,  Knapp  pro- 
vided several  weeks  back  before  the  HUD-Indupendeiit  Agencies 
Committee, 

In  that  statement*  Dr,  Knapp  suggested  that  the  substantial  in 
crease  requested  for  the  NSF  in  the  l!)84  budget  reflected  the  im- 
portance of  basic  research  i0  laying  the  groundwork  for  sustained 
economic  recovery  and  recognition  of  the  need  to  revitaHze  the  re- 
search base  in  the  Nations  universities  and  Colleges  to  ensure  abil- 
ity to  produce  world-class  scientists  and  engineers. 

Dr  jKnapp  proceeded  to  quote  from  Dr.  George  I''eyworth  as  re*", 
marking  that  "Somehow  we  have  arrived  at  the  indefensible  posi- 
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tioti  ul  cmiliriK  tKi*  poorest  climate  for  reb*?arch  in  the  place,  the 
United  Stateis,  that  ought  to  have  the  best.*' 

I  fully  tjndofbe  those  comments  of  Drs.  Knapp  and  Keyworth 
But  I  rebpectfully  submit  that  the  fiiical  yt-ar  budget  request 
dw»  nut  adequately  rtjflect  the  application  of  those  priority  princi^ 
pies. 

I  vvoM  tik^  to  be  sure  tht.-  committ^je  understands  my  position  I 
support  with  a  good  deal  of  cnlhusia^m  the  large  increases  in 
niatht-'faatieh,  physics,  oct.Mn,  t.'ngineering  and  biological  sciences. 
ThtJse  programs  ruprc&cnt  nt-edfd  invt.*stments  in  ensuring  the  Na- 
tion*s  technolo|;ical  well-being. 

In  an  era  whert.'  our  national  well  being  is  increasingly  depend- 
ent on  being  at  the  cutting  edge  of  technology,  we  can  ill  afford  to 
continue  the  previous  pattern  of  halfhearted  s^^pport  leading  to 
technological  second-class  citizenship. 

But  theae  national  j^oals  will  not  be  rCacht.'d  by  empliasi/.ing  the 
importance  of  research  in  the  physical  and  natural  sciences  alone. 
Much  of  our  productivity  problem  has  behavioral  rather  than  tech- 
iiol^gical  rootb,  as  the  Japanese  have  taught  us  so  well.  Much  of 
uu.  t-tipital  ,stot.k  consists  of  human  skills  and  not  machinery  and 
equipment,  optimizing  the  use  of  those  skills  in  a  rapidly  changjng 
technolugieal  world,  and  learning  how  to  do  a  better  job  of  shaping 
thufc>e  i^k^\l!^  in  the  first  place,  are  behavioral  and  not  technological 
problems. 

And  poverty.  famil>  instability,  crime>  inflation,  and  aging  have 
ei  >rmous  impactsi  on  individual  and  national  well-being,  and  none 
of  them  represent  problems  that  can  be  fixed  with  an  improved  un- 
derstanding of  the  p^y^^cal  and  natural  world. 

In  short,  we  depend,  as  a  aociet>,  at  least  as  much  on  advances  in 
the  social  and  behavioral  sciences  as  on  those  in  the  physical  and 
natural  sciences.  In  my  judgment,  the  fiscal  year  1984  budget  re- 
quest meetij  neither  scientific  opportunities  nor  important  national 
goals  in  this  area. 

I  would  like  to  turn  now  to  illustrate  what  the  social  and  behav- 
ioral iiciences  do  with  a  concrete  example  of  an  active  research 
project  which  I  think  has  had  enormous  scientific  benefits  and 
changed  the  way  we  think.  This  is  by  way  of  an  illustration  of  the 
way  in  which  the  social  sciences  function. 

During  the  sixtitj^s  and  seventies  we  had  repeated  observations  on 
the  .si/e  twnl  charactcri&tivs  of  the  poor  and  welfare-dep^^ndent  pop- 
ulation in  the  United  States,  suggested  that  we  were  becoming  a 
nation  with  a  permanent  underelass.  the  fraction  of  household 
below  the  poverty  hne  dropped  steadily  throughout  the  sixties,  but 
the  decline  came  to  a  halt  in  the  early  seventies  and  continued  at 
about  the  same  level  throughout  the  rest  of  the  decade. 

The  pool  could  generally  be  ch^iiacterized  as  disproportionately 
liihh  well  educated,  disproportionatel>  blacky  disproportionately  old, 
and  disproportionately  female.  This  series  of  observations,  derived 
from  crobs-«ection<il  surveys  conducted  by  the  U.S.  Census  Bureau, 
gavt'  rise  to  the  notion  that  a  culture  of  poverty  and  dependency 
was  !-reatmg  a  pi*rmanent  und<*rc'  iss  of  something  like^lO  percent 
of  U.S,  households. 

Starting  in  the  late  sixties,  the  then  Office  of  Economic  Opportu- 
nity started  a  long-term  4^dy  of  poverty  and  dependency.  The 
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5tudy>  ivhich  Oun:iif>U'd  uf  tiiroful  medburementjs  uf  income  and  indi- 
vidual churai'U'ri»tii'»  tliought  to  in:  abhuciated  ^^ith  income  change, 
continued  throughout  the  sever^Mcs  and  the  eighties. 

The  design  of  the  data  base  ^^as  unique,  in  that  the  same  individ- 
uals have  been  followed  since  the  late  sixties,  thus  making  it  a  lon- 
gitudinal panel  rather  than  a  series  of  repeated  cross-sections  of  in- 
dividuals, t  ' 

What  has  this  sludy  shown  about  the  nature  of  behavioral  the- 
ories of  poverty  and  dependenc>?  Fln>t,  virtually  every  stereotype 
about  the  poor  and  dependent  population  of  the  United  States  has 
been  shown  to  be  wrong.  Second,  this  study  hait  demonstrated  that 
achieving  a  solid  understanding  of  behavioral  processes,  and  thus  a 
solid  foundation  for  the  advancement  of  scientific  understanding, 
will  often  require  data  bases  designed  to  follow  individuals  or  other 
units  longitudinally  through  time. 

One  of  my  colleagues  expressed  that  thought  in  the  title  of  a 
recent  paper— 'The  Dynamics  of  Poverty  and  Dependency.  Or  Why 
Everything  YouVe  Ever  Learned  From  Cross-sections  Is  Likely  To 
Be  Wrong." 

I  can  summarize  the  results  of  the  poverty  ^tudy  as  follows. 

First,  it  is  indeed  true  that  the  fraction  of  U.S.  households  living 
in  poverty,  or  recipients  of  welfare,  remained  roughly  constant 
throughout  ihv  decade  of  the  seventies.  The  poverty  population  has 
been  roughly  10  percent  of  U.S.  households  during  this  period, 
while  the  welfare  re(fei\ing  population  has  befen  roughly  8  percent. 

Second*  it  is  also  true  that  the  poor  and  dependent  are  always 
disproportionately  less  well  educated,  black,  elderly,  and  female. 

Third,  it  is  demonstrably  not  true  that  the  poor  and  dependent 
are  the  same  people  over  time,  as  the  crostt-section  studies  seemed 
to  suggest.  , 

The  facts  are  while  roughly  10  percent  are  below  Xhe  poverty 
threshold  each  >ear>  o\er  the  period  of  a  decade  just  about  a  fourth 
of  the  U.S.  population  is  below  the  poverty  threshould  during  at 
least  1  year  out  of  the  10*  while  less  than  1  percent— to  be  precise, 
seven  tenths  of  1  percent  — is  below  the  poverty  threshold  during 
every  one  of  the  10  years. 

On  dependency,  while  roughly  8  percent  of  the  population  re- 
ceived welfare  each  year  during  the  decade,  fully  2o  percent  of  the 
population  were  on  the  welfare  system  for  at  least  1  year  of  the 
decade,  and  less  than  1  percent ^again>  precisely  seven^tenths  of  1 
percent — were  dependent  on  welfare  all  the  time. 

The  upshot  is  that  any  theory  of  poverty  and  dependency  has  to 
account  for  the  fact  that  there  is  enormous  turnover  in  the  poor 
and  dependent  population,  rather  than  constancy.  It  ma>  be  true 
that  the  poor  are  always  with  us,  but  they  are  largely  difterent 
people  from  one  >ear  to  the  next,  a  finding  with  obvious  implica- 
tions both  fcr  models  uf  behavior  and  for  the  formulation  of  public 
'policy. 

I  would  like  to  turn  now  to  a  brief  discussion  of  research  activi- 
ties that  seem  to  me  of  the  highest  priority,  and  which  I  judge  to 
be  impossible  to  support  within  the  budget  constraints  in  the  fiscal 
year  1984  recommendation  for  the  social  and  behavioral  science 
areas. 
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Firbti  k*t  me  noU*  that  it  is  a  welcome  change  to  see  a  budget 
requesjt  whkli  cuittiiin±)  ^i^^nifiuant  increa^^es  for  research  programs 
in  thesje  areas.  The  budget  v^iU  permit  continuation  of  a  number  of 
highl>  important  programs*  including  maintenance  of  several  high 
priority  data  bases.  *  * 

These  include  the  general  social  survey*  the  panel  study  of 
income  dynamic^*  which  is  the  d^ta  base  I  .described  just  above, 
and  the  national  election  studies.  In  addition*  a  set  of  essential  ac- 
tivktie^j  of  different  sorts*  consistent  with  the  framework  that  I 
have  described  in  written  statement*  are  also  able  to  be  sup 
ported  within  the  fiscal  year  1984  budget  request. 

But  there  are  a  number  of  areas  in  which  additional  jurces 
would  permit  research  that  is  both  higlily  important  in  scientific 
terms  and  compatible  with  the  administration's  objective  of  sup- 
porting research  with  the  potential  for  furthering  important  eco- 
nomic and  other  national  goals. 

The  question  to  be  addressed  is^  given  the  budget  request*  what 
can  be  accommodated  in  erms  of  researchj  and  what  will  be  lost? 

I  would  note  three  general  types  of  things  that  vire  would  lose. 
There  are  general  efTects*  there  are  some  measurement  instrument 
eflect^i  anrf  there  is  a  collection  of  elTects  which  are  cutside  of  mea* 
surement  instrument  issues. 

On  the  general  effects,  I  would  like  to  suggest  that  the  science 
program  in  the  NSF  needs  to  have  the  character  of  encouraging 
yipni^  people  to  pursue  scientific  careers.  If  you  ask  what  is  the 
■  consequence  on  the  encouragment  of  youpg  scientifits  to  become 
social  and  behavioral  scientists  of  a  40-percent  decline  in  real 
terms  between  1980  and  1984,  the  answer  is:  it  must  be  very  dis- 
couraging. 

No  Dright  young  person  is  going  to  look  at  those  numbers  and 
decide  that  social  and  behavioral  sciences  is  a  good  place  to  pursue 
a  career.  Off  the  top,  you  start  out  with  a  generaMiscouragement 
of  young  people  going  into  an  area  where  they  know  that  support 
has  been  given  less  priority. 

Concretely,  in  the  NSF  programs,  that  reduction  has  had  the 
effect  acroijs  most  of  the  programs  of  reduced  support  for  young  in- 
vestigators because  they  are  more  high  risk;  reduced  support  for 
high-risk  projects,  reduced  support  for  graduate  students,  for  those 
people  who  get  grants*  the  grants  are  smaller,  and  contain  little  or 
no  support  for  graduate  students.  These  are,  of  course,  the  seed 
corn  from  which  future  scientists  will  come. 

Finally*  for  people  who  are  more  mature*  who  have  prospects  of 
getting  grants  ana  can  apply  for  them  and  do,  in  general,  they  are^ 
discouraged  from  ambitious  projects  because  they  know  full  weir 
that  an  ambitious  and  costly  project  has  little  prospect  of  being 
funded.  They  simply  won*t  create  things  at  the  cutting  edge. 

Those  are  the  generalized  effects.  They  are  quite  important.  I 
think  ihey  are  well  summarized  in  the  quote  I  gave  to  you  earlier 
from  Dr.  Keyworth  where  he  said  we  have  managed  to  create  the 
worst  climate  in  the  place  that  ought  to  have  the  best. 

Let  me  turn  to  some  of  the  measurement  project  issUes.  There  is 
a  good  deal  of  emphasis  in  pr.  Knapp's  testimony  and  the  testimo- 
ny of  others  that  one  of  the  things  we  need  to  do  is  produce  a  much 
-  more  effective  level  of  instrumentation.  For  social  and  behaviferal 
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sdciUists,  inHtriiihi'iiltilion  a  number  uf  fcrnib.  One  is  these 
lon^^itadinal  and  lilliu  kiiiil>  of  data  ba^c*^.  The^e  arc  the  measur- 
ing Instrument^j  uai^d  by  the  bucial  ^^cientist^.  I  have  spoken  to 
those  aJready, 

Another  one  which  surprises  a  lot  of  people  is  that  social  scien- 
tists are  very  intensive  users  of  various  kinds  of  instruments,  in 
particular  computing  There  beemi>  to  be  a  perception  that  by  and 
large  all  a  social  scientist  needb  lo  runction  la  a  piece  of  chalk  and 
a  blackboard. 

At  the  University  of  Michigan  I  took  look  at  the  numbers  gen- 
erated by  our  computing  center-probably  the  largest  university- 
based  computing  center  in  the  United  States  save  for  two  which 
have  big  supercomputers.  At  Michigan,  35  percent  of  the  usage  of 
computers  ia  by  social  and  behavi  i^al  scientists.  About  40  to  50  per- 
cent of  our  facult>  are  social  and  behavioral  scientists.  Those  ratios 
are  not  very  different- 

Thus  we  are  just  about  as  computer-intensive  as  anybody  else, 
which  was  a  surprise  to  ine  and  apparently  is  a  shock  to  most 
people  who  view  social  science  as  not  requiring  the  kinds  of  instru- 
mentation and  the  kinds  of  needs  that  physical  and  natural  sci- 
ences have.  That  usi'd  to  be  true  oO  years  ago. 

There  has  been  a  revolutioa  in  social  science  methocio— they  are 
data  intensive,  computer  intensivei  and  instrument,  intensive.  The 
needs  there  are  as  ^rvat  as  in  the  natural  and  fmyfeical  sciences. 

On  the  measurement  projects  let  me  make  two  general  points. 
First,  one  cannot  think  of  a  measurc^ment  project  in  isolation.  In 
jrder  for  it  to  be  eltective,  thete  have  to  be  research  activities  that 
precede  conceptualizationi  theorizing,  and  research  activities  that 
^o  after  testing,  refinement,  elaboration.  Those  are  expensive.  They 
are  not  perhaps  as  expensive  as  the  generation  of  the  data  bases. 
But  you  cannot  think  that  a  program  can  generate  data  and  that  is 
th^*  end  of  it  There  has  to  be  a  portfolio  oi  package  associated  with 
these  projects. 

Second,  manv  people— and  I  am  certainly  among  them— are  be- 
ginning to  come  tu  the  conclusion  that  for  mobt  purposes,  the  most 
effective  kinds  of  measurements  in  scientific  terms  have  got  to  be 
longitudinal.  The  reasi-n  is  that  we  arc  often  concerned  with  trying 
to  follow  a  process  through  time.  You  cannot  follow  a  process  with 
repeated  cross-sections  and  >ou  will  be  misled*  as  the  example  I 
iciU'd  to  you  earlier. 

You  will  be  misled  more  often  than  not  by  what  >ou  fmd  looking 
at  differences  in  people  at  the  same  point  in  time.  You  have  to 
follow  people,  organizations  an'"!  unitb  over  time.  That  is  expensive 
bec'ause  e\er>  time  you  do  it,  you  have  to  pay  for  it.  On  the  other 
han<l  tlif  .scientific  potential  grows  expon^ntjally  with  the  length 
of  the  period  you  follow  You  cari  take  accoant  of  more  process  and 
more  lags  It  lb  a  characteristic  of  research  thq,t  I  think  is  crucially 
imp^i*tant. 

In  spt^cjfiv  programs,  the  1981  budget  request  will  accommodate 
at  least  three  miuor  data  bases  and  a  number  of  other  smaller 
ones  The  ones  it  will  accommodate  are  the/National  Election^ 
Study,  the  Panel  Study  of  Income  Dynarpi&s,  and  the  General 
Social  Survey 
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1 1  t  jiniiol  tn  4  oihiijujtlatr  j  Lii^i-  nunibtT  of  Qtherii.  In  my  tostimo- 
ny,  I  liiut'  ilk'UuUii  fuui  ith  js  m  ^vhicli  I  thitik  a  major  invi>stmeni 
III  longitudinal  d<xUi  Uisfs  would  prudutv  niurmoui?  scientific  and 
pubhv  policv  pajoflfe.  I  will  na^ntiun  thvm.  Thv>  are  discussed  at 
len>iUi  m  the  tebtimonj.  I  would  be  happy  to  di&cu&s  them  in  the 
i|ut*i^ttun  period 

Th*.*  tiRMJi  I  fo^tui)  uij  *ire  niCtisureb  of  petX)nal  savings  behavior 
which  tin*  tutttll>  ttbht^nt,  niCM.surt\s  of  ur^aiii/ational  behiivioV  and 
ii  <\iiUi  \niht-  whivli  <k  Lunj|>in-ktjun  ufevoiiumic  and  organisational 
vuruibleb  wh^h  js  lacking  <iiid  crucii^Uy  important  for  undorstand- 
uiK  productivity,  nie^iMircm^nitb  of  time  U6v,  importaj.t  for  under- 
standing the  (generation  of  well-being  in  the  market  and  nonmar- 
ket  j^ecton  and  inedj^ua^s  of  changes  ocer  time  in  the  ties  between 
families— which  are  rapidly  changing. 

Wc^  doll  t  know  anything  *il)out  thi-  nature  of  those  family  rela- 
tionship^ and  how  tliey  are  ^.hdngiiig  over  time  and  what  they  are 
doing  to  the  environment  in  which  children  are  being  raised 

Thobe  are.  I  would  think,  four  key  areas  where  measurement 
p^Mji^t^  ,ur  npr  and  could  be  exploited  and  cannot  be  done  within 
the  budget.  / 

In  other  aretis— let  me  iikim  them  briefly— there  is  a  set  of  activi- 
ties going  on  which  has  to  do  with  the  theory  of  markets.  Econo- 
miiits  have  geiieiateil  a  theor>  of  markets;  which  is  deductive,  that 
is,  we  makt  m(t>feJice.s  uu  the  hdbib  of  assumptions  about  what  kind 
of  objectives  people  are  trying  to  accomplish.  ; 

Recent  work  hOb  tried  to  simulate  the  behavior  of  markets  in  an 
experinu'ntal  setting.  It  turns  out  you  can  do  this  in  a  way  which 
reproduces  the  chAracterliitics  of  niaVkets  provided  you  incur  the 
coi*ts  of  paying  people  Ckud  imposing  real  costs  on  them  so  you  can 
make  realistic  markets  come  out  of  simi^lated  behavior.  That  is 
provoeatKe  becaust*  you  can  then  begin  to  examine  some  of  the  in- 
nards of  .markets'  m  on  experimental  setting  which  you  cannot  do 
in  a  natural  setting.  i 

The  whole  nclion  is  attractive,  exciting  and  provocative.  It  can 
also  be  extended  to  markets  in  which  you  don*t  use  prices.  For  ex- 
amplts  bureaucratic  decisions  are  a  kind  of  market  You  can  simu- 
late thofaC.  We  would  learn  a  good  deal  about  how  other  parts  of 
iioeiety  function.  Bolitical  decisionb  can  l:e  thought  of  as  a  kind  of 
r^arket  without  prices  because  you  can  t  nea^ure  the  output 

Thiit  methodology  i^  applicable  to  thos^'  kinds  of  markets  as  well 
ab  money  kinds  of  markets  and  is  quite  t?xciting.  It  can*l  continue 
because  it  is  very  expensive.  You  have  tcJpay  people  and  you  have 
to  do  this  rept^at^^dly.  That  program  is  going  down  the  tubes,  as 
N'M  I  can  tell.  It  is  at  a  low  level  and  should  be  at  a  high  level 

We  have  major  ureas  in  stati£?tical  methods  ^yhich  are  Crucially, 
needed  and  can't  be  supported  1  mentionetl  longitudinal  data  bases 
as  a  met  urement  device  which  is  increasingly  important.  The 
methods  ^i  r  handling  thobc  are  somewhat  ciifferent  than  the  con- 
ventional n^cethotls  for  handling  other  kinds  qf  data. 

The  daLti  tliemst*Ive^  haV(^  a  longitudinal  tharacteristic  and  the 
error  structures  are  somewhat  diffs^ront.  Ther^  needs  to  be  a  major 
investment  in  developing  methods  of  analysis  for  longitudinal  data 
There  have  been  proposals  to  do  that.  They  cartel  be  funded. 


m 

Similar  ,  wr  ^ill  kiiuw  nuiijniecunmojc  tnodeling  i&  in  disfavor 
tlieiiL*  dti>6.  Oiw  iiutiwn  tibuul  why  6uch  modeU  havL*  prublemt*  it> 
lhat"the>  make  an  a&:>umpljun  that  thure  undurlyin^  ^tabilil^  in 
the  strb^ture  of  the  system  Ihey  are  modelling. 

Recent  theoretical  developments  t>ugg;ebt  that  the  s>tructure  un- 
stable. You^can  get  at  that  problem  with  the  development  of  esti- 
maijon  techiXit^uus.  Thc'ru  havu  been  prti^jrams  proposed  to  do  that 
Again,  they  cannot  be  supported. 

Let  me  note  a  few  applications.  W.*  are  all  aware  of  the  fact  that 
the  courti>  are  cloj^gL^d.  Wl»  have  civil  t>uitt>  dealing  with  things  like 
divorce  and  accidents  and  compen:>ation.  The>  impose  enormou^ 
burdeni^  and  cot>ts.  There  it>  evidence  to  suggest  that  mt^diation  is  a 
moa^  coyt -effective  and  beneficial  wa>  of  handling  those  cases  than 
jur>  trials.  One  could  design  experiments  in  which  >ou  either  force 
pt^ople  into  mediation^  allow  them  free  choice^  or  preclude  them 
fron;  inL^diatjon.  You  coiUd  measure  the  costi>  and  outcomes.  It  ma> 
turn  out  that  is  extremely  profitable  to  force  mediation.  One  could 
adopt  a  policy  on  the  basis  of  what  those  experiments  show.  Thej 
can  t  be  done.  They  are  very  expensive. 

We  have  a  long  concern  with  crime,  criminals,  and  t  le  effects  of 
deterrence.  You  can't  really  get  at  that  problem,  in  the  view  of 
people  who  stud>  it  carefully,  without  the  combination  tf  longitudi- 
nal data  which  includes  information  relating  to  individuals  and 
traces  them  through  time,  and  information  relating  to  the  organi- 
zational Complex  in  which  trimiiiali  get  processed  as  they  become 
caught  and  as  they  get  punishments. 

Su  the  data  bast*  which  combines  characteristics  of  people  who  go 
through  the  system  and  the  characteristics  of  systems  followed  lon- 
gitudinal!*,  might  provide  us  with  insights  into  what  might  be  ef- 
fective dei..  ice.  We  do  not  now  have  that  knowledge  and  cannot 
now  get  it  with  present  resources. 

I  think  the  committee  will  realize  this  list  of  things  I  have  speci- 
fied IS  d  verj  idiosyncratic  agenda.  They  are  things  that  occurred 
to  nie  as  things  that  can  be  done.  If  you  had  somebody  else  testify- 
ing, >ou  would  have  five  other  things.  There  would  be  overlap,  but 
not  all  that  much. 

If  you  ask  how  much  would  it  cost  to  put  that  kind  of  program  in 
place  and  what  would  yoU  get  from  it,  I  can  give  you  some  rough^ 
cut  numbers  about  what  the  benefits  might  be  and  what  it  wo  J 
cost.  Then  I  can  extrapolate  that  in  terms  of  saying  what  the  whole 
program  might  cost.  The  benefits  I  can  only  do  in  terms  of  two 
kinds  of  things.  A  tot  of  thase  things  cannot  be  easily  quantified. 

I  would  suggest  to  >ou  that  on  savings  behavior— the  need  to  un- 
derstand it  and  therefore  devise  policies  which  might  be  able  to  in 
fluence  it   and  the  need  to  develop  a  longitudinal  view  of  produc- 
tivit>  and  organizational  efTectivenesb,  one  would  expect  the  payoff 
to  be  some  modification  of  the  rate  of  growth  of  productivity. 

That  is  the  ultimate  pa>off  from  better  understanding  thei-e.  It 
doesn  t  take  much  gain  to  produce  an  enormous  benefit.  If  either  of 
those  kinds  of  studies  could  produce  a  one-tenth  of  1  percent  gain, 
which  IS  not  a  major  expectation,  the  outcome  is  that  you  are  $3 
billion  better  off  annuall>.  Three  billion  dollars  is  a  pretty  big 
pajoff  no  matter  how  much  those  prt^rams  cost.  They  are  cheap 
comparison. 
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II  vxmUl  attuall>  tL'Vihe  a  .slratcg)  for  inct^asing  the  deter- 
rent effect  o\  variuuM  kuuls  of  {Kilieie^  vib-a  vib  crime,  you  would  re- 
alize enorrnaus  beneHtb.  The  eobt  uf  erime  runy  to  the  tens>  if  not 
hundreds,  af  billions.  Hence,  ev^jn  a  small  dent,  u  bmall  percentage 
rvdii*  tiun  in  crime  jb  a  coni>equence  ofdeviifin^  a  better  and  more 
elfectiie  ut'terrt'nt  bathed  on  a  solid  understanding  of  the  processes 
invelveci>  has  to  pay  very  large  dividends. 

On  uther  tKingb  f  find  it  difficult  to  sa>  anything  sensible  about 
benefiU.  On  the  cobt  side,  alt  1  can  tell  you  is  I  have  looked  at  what 
I  hUtjg^^bted  and  put  price  tags  on  them.  In  general,  I  am  talking 
about  programs  which  liave  to  have  continuity  Anything  worth 
duin^  in  those  area^  hab  to  be  continued  for  a  long  period  of  time.  I 
am  talking  about  annual  costs  for  a  set  of  new  programs  which 
mjght  or  might  not  be*  the  ones  funded  if  the  NSF  had  more  re- 
sourses  in  these  areas.  There  is  a  j>eer  review  process  and  no  one 
Can  tell  the  NSF  what  they  should  fund. 

For  the  list  I  gave  you  Scivings,  organizations,  nonmarket  activi- 
ticb,  families,  theor>,  methods  and  applications  m>  guess  about  the 
<iniiLtal  eo,st  of  doing  them  properly  is  $12,3  million.  These  pro- 
grams might  cover  something  like  40  percent  of  the  social  and  be- 
havioral programs  of  the  Ni'*'onal  Science  Foundation,  If  I  figured 
that  the  other  (JO  percent  ha*j  i.he  same  potential^  '  ^y  $12.5  million 
turns  into  ^-iO  million.  That  is  not  an  unreasoh.  Me  jmber 

If  you  \\ere  to  aok  me  concretely  would  I  recoi  *'  i\d  an  increase 
in  the  social  and  behavioral  programs  for  fiscal  year  1981  of  $30 
million,  in  good  conscience  I  would  probably  have  to  say  no,  I 
would  not  recommend  thut.  You  can't  make  things  turn  around 
that  quickly  and  do  it  wisely  and  effectively  and  in  cost-conscious 
terms- 

What  I  would  like  this  committee  to  do  is  recognize  there  an 
major  untapped  potentials  in  the  social  and  behavioral  sciences 
thcit  cannot  be  accommodated  within  the  budget.  They  do  have  an 
order  of  magnitude  of  something  like  $30  million^  which  is  close  to 
double  the  original  recommendation,  A  sensible  stance  is  to  say 
lets  do  it  in  steps. 

Let  y  put  in  ?>10  to  $]o  million  this  year,  which  would  not  be  in- 
appropriate. Have  a  recommendation  in  there  which  says  in  the 
foilowjn^  year  that  an  additional  or  $2i>  million  should  be  put 
m  to  bring  those  programs  to  the  point,  not  where  they  are  at 
parity  with  other  progrimy,  but  where  the>  realize  a  better  share 
of  their  scientific  potential, 

I  think  the  basic  argument  has  to  be,  "wfhat  is  it  that  you  cannot 
tjet  if  you  leave  the  programs  at  the  levels  they  are  no  "  not  "are 
the  ratios  and  changes  equal  acrossall  the  programs'' 

My  sense  is  there  i^  a  great  deal  you  cannot  get  with  the  pro- 
grams at  these  levels.  I  have  given  you  a  number  for  it,  I  have 
given  you  a  trajectory  strategy.  That  is  what  I  would  urge  the  com- 
mittee to  do.  That  \b  about  us  close  as  I  can  come  to  a  concrete  rec- 
ommendationn 

[The  prepared  statement  of  Ur,  Juster  follows:! 
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rhalrmn  WaLgr^n  and  Me«V*r*  of  tht  Subcoasmitte? ;  M/  nucifr  is 
^-  T>iOfjt  JuiJivr»  ^ni  1  an  Director  of  th*  Institute  for  Social  Research 
PTPH'ivs^r  of  Fcpnoatcs  at  The  University  of  Klchiganp  I  an  testify 
in^  on  tH'^^jif  of  tav  own  tnsttiuttoft  and  tjfttverslty*  And  oft  behalf  of  ihe 
Con&vrtt*>ci  'io^  l,il  l.ktem*?  Assoc Iflitonu,  uhlcb  repreoenis  ^ocie  150*000 
foctal         behavioral  sctenilsis  In  ihe  United  States. 

I  appreciate  the  opportoftlty  to  aPPcar  before  this  SMbcowolttee  aftd 
trj  prt'^terit  te^t  lroft>  vn  reit*ird  to  the  Kattonal  Science  Foyftdatloft's  bud* 
Etft  request  (yr       1*)^-*.    thts  Skjbcoaalttee  has  tn  the  past  been  i  strops 
acIl^  vty^orpu^  s^pf^rter  of  the  HSF  social  ^nd  behavioral  science  progratis* 
.ir,.\        t""!  I*' tcm-N  jnd   I  are  ftreatly  appreciative  of  that  Aupi>ort. 

Ut  f^v  Nt^rt  *--f  nt>tinii  the  principal  characteristics  of  the  t!SF  bud- 
Ret   re^|ur*,T  fr-r  f'V  KSi-    TVic  data  appear  In  Table  1*  aftd  caft  be  suw- 
puri^ed  briefly  foll^iv^r 

I.      Thi^  J^lrvctor^te^  f^r  *t»thcnati<^Al  and  Physical  Scleftces  CmPS)» 
4fld  A&troIl^mical^  Atcospherlc*  Earth*  and  Ocean  Sciences  (AAEO) 
jtV   lAcrv^ised  by  slt^;htlv  over  20  percent  fron  laftt  year» 
p^oujih  to  brlAi.  the^  3i«ftfficafttl>'  above  their  FV  H80  level 
in  ter-^^  ff(  reni  dollar*; 

ThN"  ^^loloKicAl  science  part^  of  the  directorate  for  Biological* 
?ehavtor^l,  nAd  Social  Sciences  (BBS)  Ate  Increased  by  a  bit 
utidcr  21^  percent*   uhlch  brlnff^  the^a  slightly  above  their 
n'  Levci  lA  t<'rn^  of  real  dollars? 

"1.      ThN^  sofi.il  -lOfl  heh'avloral  science  p^oAramrt  In        arc  tftcr^rifl^d 
h\  a  >ilt  otfii^r  10  p^^fi^^nt,  vhlch  Put^  then  22  percent  >elov 
tVir  noriinji  Wvfrl  ,  rouft^lv  40  Pcr<^cnt  ^elow  1***^  r<?al 


ERIC 


554 


553 


-2- 


Table  1 


National  Science  Foundation; 
Fgndlnji  Levels  for  Sclf'Ct^d  Directorates 
and  Prograitt  (HillionK) 


Actual    Actual    Propoaed    Fercenj;  Chanf^e 


DlreCTorAtc  for  "jthtoatlcal 


and  Physical  Science  (MPS) 

227.0 

29<»,7 

364.3 

+60 

+22 

Dttettoratf  (ot  Ajft ronomic^l > 

AtnosPlierlc ,  Kirtb  an<I 

Ocean  science  <AAEO> 

21B,1 

JTfr,  2 

+  54 

+:i 

Olrertorate  for  Mdiogteal* 

<^tl*^Hrt  *ftBS> 

190.2 

223.6 

'  +20 

+  16 

Slrtlo;iKal  'iclence 

133*1 

154,2 

1S2.9 

+  37 

+  19 

36-0 

40,7 

-22 

+  12 

An  aPpr^  C^r Litv  Prlci*  Ichl^r  for  these  nctl^lttoi^  i^roh^bLy  Increases 
bv  -ihnut   'iO^JS  p**rO*fntovl'r  tlu-  pi*rlo<l  FY  19&0-n  |9E'&. 


This  Cor'altte^?  Is  well  Avar^  of  the  serle-s  of  boJget  requests*  And 
con>;rt''iiton4l  ^li^i  S^F  redttlun*,  to  those  re^lu^sts*  vhlch  provldeJ 
thl-*  fvvjrif-tiU  u^ip/en  pattern  of  change  over  th**  p^st  Be\feral  year*,  1 
do  not  vlsh  to  duc-n  on  past  bi«tory  or  pa^t  oiistat-es*  hovevor*    I  uould 
j^refer  t.o  tJlk  ibout  the  futiife*  add  the  Klervtiflt  potervtUl  of  the  NSF 
fOclAl  ^nd  behcivioral  ProKr^tta, 

Let        ^rlrt        sPelUftP  out  -jo-^p  of  tho  inpHcatlon^,  .^ft  1  uco 
ther,*   f-*    ttif^  phtio<;ophv  Ahotil   KSt'  priorities  sp*^lled  ni;t  by  tir,  Ed- 
(fiCil  Knappt  Uio  nev  Plr^rrtor  of  the  *J^>F*   In  r^arks  t"de  tust  a  lew 
week*;  i^h=  strf.>rt  t*^*^  Ho-j+o  Af.ProPrl  it  tons  fiuSco^Tl  t  te*^  bn  IfrL-'-lndopen- 
dk^di  Ai^^-riP  1r<,H 
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In  hl^  reft^rkSt  Dr.  Kiiapjv  notes  that  the  substantial  tncyea&e  re- 
Wited  for  the  tiSit-  n  1^8^*  hudJiet  reflects  the  Itnpor^nce  of  ba- 

ste rescfdrch  In  laying  the  groun<Iwrk  for  ^{>calned  oconon^  recovery* 
und  recof^nf tf Qci  of  the  need  to  revltnifze  t^e  research  h^sc  tn  the  nd- 
tlQn*s  universities  and  cvliOReh  to  rnsur*?  our  conl inuo<^  jbU t tV  to  prw- 
ilme  world  class  ^cienttst^  dnd  ODgineers,  Dr,  Knapp^'^roceods  to  qu^t<^ 
Dr.  Keyworth.  the  Prfsnent*s  <irle(Ke  Adviser^  as  r^arktn(!  with  rejJ.ird 
to  our  natlonV  a^J.tenlr  Inht  1  tiit  lon<v  that  "topeh^*  have  arrived  -it 
tV  indefensible  position  of  cteatln^f  the  poorest  cllrtrtte  for  re&earth 
In  fbe  pJ.icc  \xw^  r,S, )  t  jat  oupht  rt  have  thi  host/'*  ^nj  finaJJv. 
hr .  Kn/*PP  note^  th.it  the  Sit  Proprnn  and  hut^TPet  Priorities  for  FY  I^g;, 
h-iJ  A\  thftr  criteria  '*the  scieniiflc  excellence  anJ  proFi  of  the  ac- 
tlvttv:  ,  ,  ,ifiH  t^*"  p<iU'nnil  for  an  .i^/lvity  to  contrlhk^U'  to  Irrpor* 
t-tnt  nJtirvn,ii  ecrtnonlv  and  prodrirt IvJ tvy^o^ls.*" 

1  T4ioK^h(.-Arted U  er^dorse  the  coyien^s  oi  both  Prs.  KnapP  mA  Ycy 
worth  In  e3pha^>lzin^  the  crocial  rode  Played  by  hasSc  scientific  re* 
^e.irch  In  ad-le^lfi^  attlonfll  oslt-c^lv^s.  and  tW  criteria  ^pon^<J  ogt  hv 
ftr.  ittA^P  in  <Je*vCrlMnj^  how  pro^i^ar-  and  bt*d*!et  Priorities  should  t*^  stt. 
But   I  w*ijld  rf\pe*:t ft)l  Iv  ^uhmlV^thal  tho  H"  19ft4  bu<J^t  reqtiest  f^r  the 
^ocl.il  Ac^^  betiai/lor<tl  *iCionc€f  prograois  doo^  not  adei^gatelv  reflect  the 
application  of  these  prtnctplo^;. 

I  would  iiV-^  to       st^fe  that  the  Comlttee  fullv  un<!erst.lnds  nyipo* 
\ltlOD.     I  4uppr»rt  (uHh/  cons l^er.ihU-  enthuhta*i(^^  the  i<trJ^  tnctr.t^^s  ita 
ti\o  mnut>r-kt[i:t\  Fin.l  pMv^U  il   4^^fen<^^^t  the  oct'^in  and  attw^pherlc  lenrev^ 
the  t'nKlnoerlnf:  ^cle/ces.  aftJ  tho  hiolo3flc.il  sciences.    These  pro^r^^ 
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tf, -.^  >-  iT^ffsirtffit  ■>  in  r^storliiK  th<>  nation's  technQlOj^l^^l 

^''^'►'J'l  ■     I'  v'.rr4'  our  nitl^>P4i  iiTcli-lbelng  1*  tncr^a&tdfi^ly  d*- 

r*'ni»  1^  or  K'i-t.        titi^  cutttn^r  <>t  t**ctin&l*^i;Vi  w?  r,jn  ill  nfforJ  to 

^Li-  jir*f^io'ih  j^riitt^rn  oi  haif hiMrt c^L  Hupport   lejifilnp  to  techno- 

'-SIT  *  tt-^t'  tiHi^iL^ni  vi  I  I  not       rcathod  f>v  (Tiphd^lzlnp;  t!ic  itn- 

T  ■      M     *     »  r      -'1    iM     't'i  I  M  r>t  1 1    I  it '  1  I    t*i*iTi  t  h^it>?(ifrlc.il 

f 

'■    f  T         ^     *    -.ills  in  i  nc^r     It    io<*rv  iri'^  i  'lutv^^prJ      opt  r-' 

^        »  L     ^  >      1  *  I '  »i  ^       '   I'll    '>  t\-*   cn.*r^^yii-  i'^i-ift'- 

1     ■■■■    ' .    J  i  h  r  '      i+  rr*'\  I-    Ti  ri'*    ■'w^ic.T  I 

'    '   '  -        ■  <    M  '  H      ^  .'cTt  [■!  h  M+'     f^if    It  '  rt-^nt   n-i  l  i  '>ruil    1^03 ^ '    It  thlv 

.  '  »  ,  ^    ■■  '  ^  +  ^+'1  1^'  L  .^^  ti    1  ^■v  ir-  I  f>u  1 1  r''<*i  ^  t  ti^  Jr.p^^rt.int 
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,3'  '*r  'V  .rri.iri.         v>.J^>fJ^^^K  ^oulfd^e  or  by  enliehUnlnS  t^Ufv.  l^t 
iMr^v-   thit  (s-ii»  k  flr-st       sfit-Miftp  out  the  cha r^ct ec l*ttc«  ttt* 
Tt-w  ir.  ^  rt'  rhrr      usvrl  in  fltAnv  i>f  iho  to^  I  j1  And  ivhiv^lofal  ©cii  ice^* 

of  t^c^<*  r*^thu*!s.  Lintl  fln-iHv  lUvmifylnf,  a  nuntier  of  ^r^ns  where  Impot* 
tnin!  sMoTitfic  prokT^'^v  1*  Posiihie  but  precluded  by  the  res^.tcc  level* 

p..nH  ii>^ -.oi.  i  1 :    *M  S.-^  ivjt^^r^il   s*.  lent         iit^  <;onccrned  v'  ch  the 
iniiv-is         hu  -jt;  ^cHnvior^  th*y  jrt*'^by  and  l^ir*^*  unible  to  conduct  the  ^ 
s,irt    <f  >ntr^HiI*^r!  eitpcrlrv^(&  thAt  Are  typical  of  the  phvi*lciil 

\tiA  n<M  *r.ii      l*'r)^*'s»    TLeri^  ^re  of  course  sow-  alml lar  1(  ai(ronor»rs 
^  if*  tii,  r^.iv  H-  hut  ThjI  t^^  rve-JTpnt  t>(  the  planets  tbAn  ecoftontsts  can  c^jn- 
tr,u   ti,4   *>t-^      T-  ■  '    t^j,  (.V;'--^f>?h  ,irp  llrrlted  to  c^relui  ob^er\r4itlon 

s^lontut^  jrrJLv*"  ,it  iiotiy r.^Miat lofls  ii^jout  h^Mn  beba\rlor  involves  Inttl- 
tl  nh^i'rv^ I  UhFi ,      \,^> loj^Tnt  of  concepts  anj  theories^  crenitlon  of  a  data 
tf-sttfi    of  tht-or^'  it'^iln^t  tite  data  hase  and  subsequent  teflnct^tit 
or  i^vHllMriT  iHin       P^*>f>rv  ffiMowd  by  ^^J^jidonal  empirical  tests*  More 

\.      A  ftvpiciliy  ca<.u<il^  observation       ^ont  be>ia\rtoral  phenonenon 
of  tnter^-st   1*  r^nide— fat  ex^Ttplt,       lyte  that  people  who  Are 
f'>.^r  ^n.^n  ti^  h,k/r  slmlljr  < li^rif t er Ist f^rs  ve^ir  after  year-^  ^ 
thc\  ^rr  ,trt  to  N>  rrPi-iTlv  e<)uc'-'*ted ^  ar**  H^ely  te  t>c  dt^pfopor* 


/ 


2.  Ths/^c  ol>^erv^itons  iead  io«ard  cOTictptuat^fttion  and  ih^  de- 
v^^topm^nt  of  A  theoi^ctU^i  structuret  ^Ich  Is  examined^ for  con- 
ftlsicTitV  unjil  fitfttc  set  of  K«tvivlnit**5n<)^tffliiPciltWe*  theories 
tftcr^e.     Fot  oxauPlc.  (ho  4?xperlef*ce  o!  heiiu^  poor  is  thoujtht 
10  creaie  a  «fi  of  dttltu^es        h^U^^^s  th*t  lead  to  pet-, 
3lsiefn  povotty.  ^ 

3.  Tnt'  ^tdtf  of  £onf eptual lfc;ttf on  or  theorv  <ScVL>t0ps  to  th^  Poftit 

ob*<?  roat  lonjl   In^  truk^'^nt  Is  t  rcatcd .     Tn  tho  soci^i  .mi  T>o- 
haul.-tt  sCi(?n<:t'S*  the  to^;(r«iD*fit  Is  il)f^lv  to       sonc  klnJ  cf 
*  iht.i  frjsr.  rltht-r  ^'!,j(>ifd  fTor  J[>  cMsMnJj  sPurct-  or  f^?nf»ratcJ 

<rt   lit  t  *.rni.">  I  ,irf  v^jt^n^ivo.  f 

Tni>   t^u'L-Eii'i  .iro  tf^XfA  an  the  .^aM  ;>ft/  .in-  oU^Of  Con- 

^.      The  f.roicss  ;^!iJ  nrdtTt^rllv  i^^d   ^"  rrfUf-r^rtt  of  i-^iborj;  Iot 
^  of  EhtOT^,.  an!  -niv  rOqulro  ron^ilrur tlon  of  .*         ^nrl  r<^T^> 

Thi  i  ffcftrriPt  l<?n  1^       cotiTsv  ^joTOifilnP  of  j  ***rlc^t(jro .  ^Itice  ih*' 

of  ihe  MSF  rolf        support  of  socUl  anJ  bohavlorai  rese.irch.  And  ^u^*- 

«s  a   ihi rd  i<[w*'t  L^-t   ihri*   r^jscarch  wMch  is  oitfn  misunderstood ^ 
Fit<H  .   H    hli?l,nRhtt  (ht-  f rof  f.iJ    ttilc  ni  ^jiipr^rt   for  ihr  P4*mTatlon  of 
ddt J  hJsc^i.     ^oc*^nJ  ,  ii  *" IrT" Hj-Vi tho  Inpo ri ince        auF^Pori  for  ac 
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And  Hnali^,  It  ^u^f;4t'>t*  tVat  socl>i  science  research  i&  an  intensive 
wivT  i>t  ^irltms  j<lnds  ^jt  l-i^ittuncfusilon*  -snJ  sijv  bt  little  different 
lri>(Ti  t*Lc  phvbiC'^i  Avid  rtktural  ^fiinces  In  that  ti^g^rd^  ■« 

U-t  w  Jltiress  briefly  on  ihl^t  L^kfii  po^nt.    wTiile  tlic  eoci^l  sci- 
ences do  not  ^ivo  any  re.il  CQutiterpnri   to  (tie  linear  ftccelerntor*  or 
r.i-lU^  H'iescopcv  th^t  p^rrlt  Ph^slcnl  science  e^rerieents  to  conducted 
^n^^    ' 'f^e^'^J.tt  ioti^.  tni       (vi<if  wltti  firoat  precision*  social  science  research 
f.lnfir  t  luni.tiiifr  cft^?nifvelt;  with  .1  f>l<»cc  of  chM  nnd  a  LUckboar^J.  One 
counierp'iri        Ins t ru'Vntit  Ion  In  the  pKyacl^l  and  natural  sciences  Is* 
,r.:  .uuisf.    f!*'  f*ont»ratlon  of  cnr^fuJ  ^^e.isureo^nts  on  r^j-Prescntat  fw 
^.n%ples       ^'Oi  i.K-r^il  .mlU.  preferably  f oJ  l<jWt/l  l^nftUudlna I  ly— rhe  ^cl" 
etvtlflf         r  Msi"^  with  which  thi^  Co-rnlttce   U  thorough'^  faollinr. 
B-j^   n^'pr  aa<        v<    sis,**.*-   Ins s*  ^toclal  and  bchaufor^il  ^cicr^tUts 
arr  in(cn'>lvf  u^,L^r*i  oi  corin^ilnj*  i-<|ul;ir.c.-nt  ^  and  I'*  f^ct   tTie  AvaliAhUlty 
of    tm^pi^t  In^*    powf  r    Kail    rev^lut  l^nl^e<I   ftf>clal   science  rese^arch. 

let  HHP  flt^H  twv>  H 1  ijsi rations  iron  ciy  own  iinlver^lty*  which  hAs  ju&t 
ri^.^ut  thi  Tii^t  POhi-rfui  co-iputln^  Installation  In  any  Arerlcan  Viniver- 
■*liv  t*^f  twn  insi  I  tut  ton^  with  ^'s^jper  ci)mP^ter!i"  de3i(!ncd  to  handle 

,.,i'npl.*x  ^^t-^eorrtL-t^.lc^l  And  m*tl^ar  p^yslf^t  c;»lcul;»tlon**         the  toiai 
tundvd  ^^-se.^rc^       i^e  -it  the  Michigan  conputlnJl  facliitJ'*  sore  3S  per- 
cent  Is  fcr  rcsv  uch  In  the  <toci;»l  aikl  behavioral  science*.  Sine* 
roui?hly  ^^-^Q  percent  of  our  *cl*nce  ^ind  engineering  faculty  ^re  in  so- 

<i.t\  And  t|>hHivlor)l  (>f  len^e  il^Partrrent s.       are  slif^^htLv  l^s^t  Intensive' 

1 

co^f^titf-r  li^t-r--  thjn  jL>ivsic^tl  and  natural  tclentlsts,  hut  not  ouch  less. 

The  flciond  stritlstlf  reiAte^  to  tbe  distribution  ef  data  raPe*  fror 
th*-  lUt.i  ,iri l^ii  It  the  Institute  for  SocUl  Re^toarch  at  KlcMjtan.  Purlnfi 

\ 
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U^t  J^c*»<K-*  xhv  ilj^trlSuHon  of  b^slc  data  tapes  ttorr  thts  ^r^hlvc* 
tJ  sth-iljr\  oM^^i'^>  ■>*  Tliv  Unlver-sity  of  Mfchlj^iin  coic^unity^  Increased 

Thtsc  Atv  LTpfHislw  nuriKfi"*,  Mt-i  rt*f  l^ct  rt'vol*it  Ion  research 

vi5^  *  t    *hitU.     [lurm.'  x^'*'  itil  ^'*^fJ■^,  rfpcJtec!  obs^rva 

*  xoa^        ffif  -^iji-   ir»J  ^■h^r^1^■tt^^'l^  Urs  of  thi?  [n>or  I  f  Art'-<Jopcnii<  m 

(.;'Lr(.i)  l^u  lo^i  III  tint  i.s,    iu^^v-^ted  that       were  hccfr^ifij:  ^  tttitlon  «ttl  d 
^  'r"i,*rt*H,^(  i  I         t*^H  ■  ra<»t  ion       housclioH^  '^t  low  the  povertv  1  In*^ 

dr't'T*"''   ^i-t'^  I'!  =,  I  *   ^tlT'Jm■^l.vi^    tSe  s,   bu^  thi*  dei  U  rw*  cii**-,  t"  a  halt. 

tt-'ii.iU'-i'   nM.  ^nd  ilspr^>p(^rt  ion-i^i^lv  ff^Jl^.    T>lIs^  series  of  obst-rva- 
S^i^r<M'i*  ii'iv-'  T  I'.i   t  '         oo^        thnU  A  "c*ii\'Mf  of  p.^wTtv  Afid  dc  pt^odcnc  f 

stirtlT^t^  In  thi^  l^t*"  I'iftii's*  th<?  th<*n  r>ffic^;  of  Fconnnlc  t^pportunUv 
started  a  I*m^;-t<*r^  studv  of  p<>vprty  and  depcn^loncv^    The  stuJv.  which 
<-^>fis  l^t^■d  of   Cdn^Tnl  ri-^iM^reT^f  nt  s  of   jtncofft*  *ind  1  n  J 1  v  t  d«i^i  L  ^  hrir.ictrf  Is- 
t  ^  s  Vi'^'iij^f    1  *J         j-^sJHt*  i.jt*^  *  ul  tti  In^  tfTK'  (.h-inco  .  tont  throuf;hoin 
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thit  Che  sArt-  indWldtiiii^  hAve  been  foliosied  since  the  late  1960*s»  thus 
rL.iVtn)^  it  ^1  i^^ni^t tu,1tD^ll  P,int^i  rachvT  thjn  Jt  series  of  repeated  cto^s- 

WTiJt  ttiU  -Ftudi^  fi*i4.wn  .iboui  4tie  (wtiire  of  behavioral  theOTl*f#J 

of  povtfTtv  -And  dvpendeticv''    rirst*  vlrcu^iiy  ^verV  stercotVPe  about  tlip 
(v<>.»r  and  J^^Fend<^rtt  fK>Pgl;itlon  of  the  U.S*  has  been  shown  to  be  vronft< 
Second*  thl^  studt  hiii  ieri&nstrateJ  th^t  achieving  q  &oUd  understand! 
«f  h*.*Ti.wlt*raL  prt>f and  thlls  a  ^ollj  fjMddAtlon  tot  the  advancenent 
^>f  scientific  understandLnftp  viii  oii-.n  re<Julre  d^ta  bases  de^l^iried  ty 
f.>J  Ict^/  IttdividtnTl     'ifi  other  units  ion$;l     lifiiZ  ly  chraugh  t  li?e  *    One  of 
ny  ti>ne.i^,tj<>4  vnpTcv****il  th  it  thought  In  the  title  of  A  recent  paper-- 
"Tlic  rwnflf^tiT^  of  (^overtv  and  I>e?endency;    Or  Wiy  Everything  You've  Ever 
l^arneJ  fri»T  c  rris^^sert  Iifa^  Is  Llkeiv  to  *^  Wrong*" 

1  rriEi  sufnrbiTlJi'  xh^  r<*val ts  of   t^ie  povertv  ^tudv  as  fol lavs: 

1,  U  U  Indet'd  trot?  th^i  the  fraction  of  households  Uvltijj 
in  pov^'rtvp  Of  dependent  on  wclfAr^*  remained  rouShty  constiint 
throMShOiit   the  decade  of  the  H70's»    The  poverty  population 
h.i*>  been  rouj^hW  10  percent  of  l',S*  households  dwrlng  this 
perlorti  while  the  dependent  population  has  been  roughly  8  per- 
cent* 

2,  It  Is  Also  true  that  th^7  Poor  And  dependent  dlsproportion- 
jit^^lv    less  wll   educated*   blaek*   elderly,   and  leaale* 

».  tfl  denion^tr-ihlv  not  true  that  thp  poor  and  dt'Pendont  are 

thir  sa™  people  o^rer  tlrvr>.  :is  the  tTo-tji "section  studies  apemed 
Ci*  sTij^te'vt . 
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''I  *' .   f^,^i'f  ptTli^^   of  .1  i(Jvo;i.i<    lust  4lbt>vt  a 

i--  rill"-  ■  pffcpfit  <Xf>  pfi^^'lsf*,  '/Irt  ,1-  J  perctiPt)  Is 
^<  s  '     v'M-rtv  tTu^r^holf^  during.  ev<f one  ot   the  !*> 

\ 

t:  ilt-iniJ^^,  tin  in     H^itcvi?  ^  precisely 


*    ^       r  '  M     ^    r  It '  t  f  tr  in  l^>'(^  tinc^v,      [  c  r^iv         tfu^*  t^at  "thi> 
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■   T  --J     t  T  T '  ^     .  rir  r  n   ■  '      1     '  ur  t   J  f '     f^ninrl  ^Ci^i\:  of  la* 

*^  iMon       *  ir^  t  t^^'■^        i  Mi'^       In    ^L^'  t  T  ^^^^  ^   ,i  t^^it^nt  i.il         ttf  H  les 

^.^    liilt-r^-ifx  SL-rts*  <o-^*-^*.^'i  vii  -  t^t   fra^i?u-iir>  that  t  ^in-^c^  t).*sc  r  tbc^i 

7 1^  JH^-^  vl T'  trL*>  ■  i- trtlji S rjt loT^' %  rfh^^<:M\:t'  of  support  tnt^  r^^;4^arch  u^th 
t-ic  H'ltx  Tif  1  i    *  I  f  urT^^^  r  int   l-^i^ir  .j*Tit  eco^L>r Ic  And  othi^r  national  s*oal^ 


pilclt  tVorj  i?f  vi-lTif   hrViivior-- th^t  tncreastn?  \W  ^fter-ta\  rate  of 

and  **"Otiorir  prowt^*    f'tiMic  pol  t<  v  conct-rnv  <iver  a  number       VtMrs  haw, 
been  iflfonieJ  *iv  a  second  characteristic  i»f  prevalllnj^  theories  of  aav- 
tng  behavior— that  people  wlli  dlssave   (or  *Jave  Jess)  as  th<*y  i^ie^  es- 
peclatlv  aftt-r  rttlrerent,  and  that  tb^  chad^lng  5?t<*  structure  of  the 
pop«latlo:i  wtU  create     iievere  short^iJie  tn  th^  supply  of  ftavtr^^  to  f  t- 
ndncc"  tnvestRfnt  ^ 

Tb<^  Interesting  thtnp  *i^out  all  tl^eortes  of  ftavln^^  b^bavtor  ts  that  tiv^^e 
of  tbes?  can  be  tested  or*  a  <)<tta  oas*  which  has  artjf  real  prospect  of 
ffoHdiy  conftmtnff  or  dtsi^onf  Intlng  theri.    >lo»t  theories  are  tested  on' 
agj^reRate  ttF,e-*ertes  datai  which  results  that  everyone  regards  ^s  l/i- 
ierosttnK  but  highly  probleri^tlc  io\  reason*  that  are  ueil  underatood. 
Sone  teat*  can  he  made  on  a  ipori     AierfuL  Inst  rumen  t*-Tiea3ureMnts  of 
tndlvUual-levei  saving,  but  thest  t^sts  arc  bedeviled  bv  the  twin  prob- 
lens  of  severe  oeasureF^eiit  errors  a^i<l  the  absence  of  longltudlrial  dftta 
on  the  «aoii  Individual  or  households  o^.^r  tirao. 

CeDer^ittnft  an  Ade<]Udte  lon^ltudtna'  data  baae  to  c&easuro  fiHvlnf;  at  the 
li*vei  i>f  individuals^  and  ho^j^ehoLls       nn  extrewelv  expenslv*'  Instiuiwnt 
to  create-,  "U  olpht  veil  ^o^t  a  inlnUutn  of  JO  nllUon  dollars  over  half  a 
decade^    nut  (he  pfofessllsn  hnis  probably  Jrtvested  lO's  of  c*iJlIons  and 
thousands  of  professional  nan  years  on  that  Ittpo rtant  topic  alone ,  in 
elaborate  and  tiep.ant  torps  of  ftuessvork  carried  out  on  bodies  Qf  tnforra 
tlon  tK^t  evervotie  understand^t  to  be  Inade^tuate  to  the  task-  CecteratUjl 
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■^."i^^l^i  t  >c  I  si  .  '  J  v'^'f '''1 1^  li'iiT  .  i  cit  '  I  1 1  W  '-oi-nji^- .  ^  t  s  jrinT  'ir  i  * 
M-if-  i-ir  i.i   Af^irtije-i  ^^jri'oi^  for  iml  st'r\"Ir*>vj     Ttie   I'lott  t*^  r^t<'' 

t        e.v    I  *l'>v  -if  ■^.  J,  sit  i.f  If  t  l-i    I  r  n»  UMi  ^       A  -jni  t    :  , 

jJAr^dllfc'"        S'^ii.in  1  s,^  t     A—-  rc<    In  t  K  1  ^  bit*  1  U  i""      *  ^ii^l^    t  li'f  *   i  ' 

\  I  i<*>tiCi'  t^**  1 1 .  fcic  v-   or      f  Irii^T^j  v  wi  t  ■■  w*i  Tr'.  T  i-^r  .  i-^  cn-i* 

*i  .1^      rtyi,      :  j4t     iv'**'  i'tv  I'nt   -inrl  i*rfi  1  fit  ai    In^  I<*r*  tiT'l*        '"■  1  "^v*'  on  the  , 

Tto  *  4>r  ■       F  1 1  rie  t  In  t^f  p  i^T     I  rt'it  verv  ^^.it  Isf tti  t^ri.  unt  ^ 

inf  fi  su^ar  inM  1  i  J  V  ^t-tt^^  I     I'^7        ^'r  1  s  to  r^^Tltl^lH'    f    V  ^.r.^- 

^rip   ^\f.vo   St'fn  i-xf iy*^ I V  r'*vlT''J*"1  wiihlr>  f'jf  r<^Mi*sf't-  i-^ivt 

f  f  f.'i^rtt i       '    if       imirt^rmt  ^       1 1' t nil  !     s<  f   f  t*r    ^  ''"^^  .      [ti  1 

,irt^       w>r',   liTi  IriT-ntniH /,  l^i-.  ^nil  Itn^r*  .M   ■  ^[ii^'-<^^'s  lit  tjitlt^  .m^-v- 

^ocliil       t '^i^t  i  ^  t  s  ^l  iVT-  ^p*  n  i>^;/?Muf  '"ot  ,iHt-?hi       ^f^r^^i   on  the  c^nis**- 
Jhv  pfo  lin:  t  li^l  tv  4  lotf.l  iw^  \n  hi^th  ihi   '      .    Jtr'  frMJcli  of  the       .t*-rn  v<^7  A . 

In  whli.M   pr  Ivx*  t<^        I FiOH  >  f  ir^v  ofKani?*?  th* ir  prod^i^.tlirt-      t  ivlt  l<*s  i  o 
pro<lur**  dnjti>n  1 1  f  rflr^  v-i  rl.-*i*^  k  Ind^  of  Inp^jt-^ .    The  Ka^ir  dl  ti  l^ultv 
thaT    t^^*   onl^'   prf><tuttton  driii  tUit  liavt^  Any  ^enorflilty       ohtatn<?d  fof 
dccounTla>c  p»jrpo'j<?^        the  ^  . .  r^nsii^  Bure^nj;   tV  d^JTd  flr<*  aot  hCc^s^- 
**xCPpT   imd^f  V*  tfOfo  rlrt  lorf^,        ar-iftfnlt         (^th^fif  iK^Ts,  dn<) 

T  lon^U  ^it  f uct*.  re-^hl^fdr f*iv ,   intent  Iut--  ,   t'fv-n-initjt  Ion  pr i>*"t"^*'t'ST     tt . 
When       ^tt  -iM  Inc  rcs^lnrlv  conviiite:t  tii^T  p-irt  i^f  rhi*  (>f  ciJ-jf  t  ivj  tv  puj*- 
tle  ife-i   in  th\^  ^lotr^tin  of  orj^i^ntut IoAhJ I  psvrhol o^ii \t s         sot  iolofi *it*^^ 
it  ifl  -infi*f  tun^it -'i  V  t        Tl'it  w  hn^^^  ft*'  ^v-^f^Tmat  l^   Tn^^iir<*^of  t'T^jiniiji- 
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»  CQip^)lnAtl&fl  oi  rtUv^nt  pconoalc  iini  orgianl ion^i  measures.  In  tht 
,iSF>«ncr  (,>f  )  TiJ.l^r  inve-Kt^ent  In  uhdt  will  probably  have  to  ho  *  lonp!- 
tjMlnn^i  ^J^^v,  it  Is  ritlreiy  pf^dict^ibU  that  we  w* H  be  very  lit- 

tle b*tter  off  '10  v<*dri  htii^e  than  w*  art  Otiw. 


The  Af-.iican  fasl^y  i«  un^t^rj^o In^  <Jr.i^t^c  chnng?  In  th<>  <;onpo«Hlon  an<f 
dtir^tt'^^  of  f^otilal  relationships.  V>  Vnw  quite  a  lot  About  the  quan- 
tity M^e  th«rdct«rlstKs  ot  these  changes^  based  on  ejcrenalve  demographic 
^tA  b^is^  c^eld  of  ir.ArrlAi!e»  divorce^  fertility,  etc.  Wh^t  wc  know  vfr- 
tud  L  iy  ,r  thins  d>>out  l4  the  ch^tif^e  in  the  bondiPf^  TeUt  lafiahlps  between 
ftsllv  rv  .htt»  thjt  exUted  i^hen  thoee  etrtictof?;^  relatively  stable 

and   the  thdt  are  craerftln>^  now.    Whot  do  theue  cbani^ing  patterns  do 

to  the  envlrofiMflt  In  which  children  are  r-aleed"?    Chat  la  tbe  effect  *>f 
rising  ferjii^   iator  force  part tclpatlon especial  1)  aiiK>ng  eotbers  of 
ysunj^  ibtMren.  on  N>th  faolly  rcUtlonfiSlps  and  c.fld  developioent? 
Vhflt  jFi-   tfie  ^onse^uetice^  of   these  change^  for  the  -iltlnate  well-being 
oi    tnJlv  t  Iti^J 4.  Ktven  that  an  Important  element  of  VcLI-belng  I9  Vneun 
to  He  r^^Uted   to  the  tyPe  of  fatally  structure  In  t^fcb  Indlirlduals  are 
«aih«<fJ^d  ^    The^e  are  not  normtlve  luostK^n^^  where  inrerc«c  Ilea  In 
lihetbet  tt^e  emerftlnj^  arran^ecnems  are  better  or  w^r^e  than  the  older 
onea.    Kirih<»ri  thi-v  ar*  Isportant  behavioral  Issuesi  vhere  we  need  to 
uador^tanJ  the  prrm^rul  and  societal  consequences^ 


We  i»te  alt  aware  of  the  looiflln>i  dero^jraphics—the  dranatle  cha:>ge  that 
wilt  t*  tailing  piaee  early  next  centory  In  the  age  structure  of  the  V.S. 
popwiatlon.    But  again*  t¥  fenow  very  llrtle  abowt  the  experience  of  ag- 
ings AaA  h^v  ttijt  has  changed  a^   flr&t  public  health  and  then  nedieal 
technoloRlei  have  extended  llfr*  e)tp«tancv.  "We  have  learned  enough  to 
ita^v  thyt  sone-  "-»}or  stereotype^  about  aging  ^re  fsalnly  trone-- older 
people  dc  not  le$e  capacity  ^ti  vaft  once  supposed*  but  are  apt  to  atrophv 
at  tbelr  iHe'-^tvies  aro  dUtopted  and  their  «ense  gf  social  purpose  be- 
comes eroded . 

Perhaps  the  boat  lUuatratlon  of  oi»r  lack  of  laaglnatlon  on  this  U»we* 
d«e  In  pa^t  to  our  lack  of  knowledge.  1$  tliat  the  present  U.S.  retire- 
wont  age  0"  65  represents  a  stftn^ard  that  dates  frosi  the  tltie  that  &is* 
aiarck  set  up  the  Cetoan  aystea  of  old  age  security.  Just  about  a  century 
ago.    A*  tliat  tire*  ooiit  people  dldn'r  retire  at       because  they  were 
H*iready  (le^d.  and  th*  fe^  who  reached  6S  werp  thought  to  deserve  a  tfell- 


llke  thi»t  Ln  the^TtSO"*..  and  h3th  our  soclal/behavloral  .ind  blolQ(ilcal 
know^edfio  rbotjt  (ho  n,tture  of  rhe  agJng  process  i$  grossly  fnadequate  to 
the  task  . 


Labor.     But  life  la  not  quite 
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[*-  i.r  1 .  ■-  J 

oy^T   ^'W^rffi      l-iiT  h  ivt'  ^'tVi^n        uiii^r^r-i''^  that      rv  yitufij^   'Midri-n  ^*rt» 


^  ir  I  ♦  f*-  ^  V      ;  wr   ' .  T  *'f  ♦  I'.n  ( !./it   i  ■  rntt  1 1  t  nyr*  M  -t'   it   i '  S'-i- 

•  *  ■  '  ■    1 1  /  <  'bs  ;  ♦  1      f  i  Ir^nt  ,      U  U   in '  r*^  ^  "  t'-. :  '  ■    jm^:   i*^*  n 

f       n  ^1.       i  '  AX    :  I'l.      t  T'f^      ttn'  pr"*'*^^^    nf  ■    m^e        ^   j  [n/ini 

^*  r       ■  ■  T'i '  1  I ,    t    i  *  1  ,h  ,--rit  H   r-  Lit  r.ir*^        c     -'^'i  i-J ' 

.I'l  I   '■'       .  -T  t  X  . ■  ,   ' M*    t         ir.   iTn-^rv  I  ihk; ,  i  I,"- ri     t  '-^   rt- ■  , 
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iiMMf    vr  It'rtt  i'  it'iWv    The    J^inj!*^    ttiey    jrn^rnj  I<tU'    i>vtr    tljn« . 
I 

To  caPlttilie  on  jM  of  thf  rts^arch  are^s  vi(h  signlKicant  pot^n- 
t(Ji  Xo  c/'Pjctd  Y*"^ If'nt if      irnavifd^  ^nd  to  pi07tdt  SociAliy  useful  pfo'f' 
■»^t  V  wDnid  re4}i^lri"   h.t^*=-  n>itlrj^   ^^1   th*'  rcHo^r^f^fl  contained  iT\  i^f 
n  l^s^i  tJuJ(;et  requijst   for  the  -jocl^i  and  b^-bavior^l  #iClencc  prograr^v, 
TJiv*t   ►hU'Ctl'J^  It*  unrealistic*  certainlv  In  tlic  short-run*  but  t  beii<^vc 
thir    ri-c^i^nn  lt>Ti  j^l   tdl^  f><.^tFnt  l^il  shouLd  6(^t  the  ionc  aii^J  oblcctivcs 
t^rtjr^d  wl-jlf*   t^^e^**  'i'z,f  rttoztsati  should  bt  noved,     l^it  veir  this  CoDoit- 
X^^K'  i   I   vorv  cnhanccncut   of   the  ^dAfnl^tr^it  Ion's 

Sid>>t  reque^T  ,  ^nJ  1  i^>uM  ur^U'  vou  to  do  no  lesfl  tils  ypar , 
&i*t  I  w{>uid  ^'<?  r4»iw<:tHnt  to  s***^  anv  rerlurtl^^n  in  t^ic  very  rc^ll  n(^c/I  th^t 
I  h^U^ve  ^,a^  ^een  ^le'^^>n^t^^t^<J  In  the  or^er  t>;i3lc  r(*s<»ar<;h  projtran*  of 
the  \^r,  in\  vrui'i  ttierefor*?  urEi*  tS^lt  lncrei*<;et'  support  for  the  social 
inJ  t**^  tvltiFs*:  ii>nr»^  pro^rir-^  cq-^  fro-*  a  i^d^st  ^Orientation  to  tlic 
over  J  i  1   hud>fi  t   r*-  litest  , 

HT>dUs,    let  on**  ^rief  note  on  the       198^  budJlet  for  th(^ 

\sF*    l^Ht  v^^if  thl>  fo^ittce  rptooiwnded  A(i  Incrt^ase  of  son*  18  oil- 
lion  doil.irs   In  thf  s'SF  Soci^ii  ;*nd  FchavlorjL  Science  Program.  Four 
j>tbrr  co(i^rp'^*li>na'  ^onr-i 1 1 et*s  tnit  deal  ^^i  th  the  NSF  also  retoDPended 
Itii  r*-.ivi,f1  sujNrit>rt  t  ht'^i'  Projf  rnrt^-thr*'**  gortnlttee^  recOr^MonJed  an 

jddirlonaL  ^  riMlrhfi  dol]dr%,  and  ^  fourth  recoTiTwrtdfd  at\  additJlotial 
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pHssf'H    I A  r  .1  1  jr  Is  1 1    Jon.ll  d  isrf  i^t  ^    irt  thv  Sen^ ^ 

H^JFr    ^-mfl^^t*- 1  Tr[  -lh^^^J|t  'tfn,  mth  v+>  ^<Jd**rt  iJti*!  f'^r  wh^i:   purpn'^t^'..  In 

-I'tr.--       t  '    1*1.'   f  -■tv.'f  ■   'i  ^.T !  I  h  T       *   1'   '  ^  ,  I  i.n    t.i  ft       w  1  .1.. 

It'--   jff       *   '  ^  M-;-  . 

'  r  ■       ■     1+.'  i*H     ^   r-   f  J  It    1    '     '  I  *  M '    f    I'   t  -  rir   v  1  t  1  !  m 

r  'i      -t.-^   '  >  >  ^  -      t/?  n  1 '  »  -    '  !   '   T  ^  .   1 1 1*  r^'  iM  f  *.  T^r.'* 

r    "U^^^l      "       VI ,  1 1  b  1'''  ii    lit  ot^  T  'i^L*''  .  r<*^'ll  fii  -1  <t<'*  1    '  ■■■  j^t  kM^ ' 
'  '       r  i*  r- 1' t  *      '     .1'    :■       I*  f  ■         l:^  it  1  r        ■'jl  *       =       .    t'^-^  ^' 
I '.   n  %  ■■     t     ^'        >  t      n  f  vt   ■  *'4'  V  f  1^  *  '     *  vM',  1  I  f^^^ 

*  ■      .  c^.i+i  r   ■  r  ^  * ,  '  ^    , :  t  't  r  +1-  ' t  n*  ,       '^i         n  U  ^^  1*-  f  ^  ( ' 

s  ^.  1  I .   kni  ^■ir^  1  M.-i  r  *     n"  ir  I  T   ? r.i.T  r   *   cti  ^^>t>T't  fij    .r >*  * 
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sT.vrKMi-.vr  in  m.  wmM  WfA.  pknn  stati-;  i  nn 

XKKSin.ON  HKIJALt  or  rJJI-;  AMKJUt  AN  rS^t  JH)U)<;it  AI.  AS- 
MK  iATION  AM)  TIJK  ASSOt  lA  HON  I-OK  TWE  A[)\AN(  KMKNr 

OF  psv(U()[.<m;v 

l)r  LhtBt>uii/  1  w^iui  thank  tlu*  toinmitU'v  for  the  opportuni- 
ty to  hv  hvn'  It  IS  an  hunui  to  >ihan*  tr\y  ide*ij>  with  you.  I  have  a 
%%(itt4ft  htattniiiit  whitii  >ou  ha^4'  fur  tlic^  record.  1  albo  prepared 
,M>nR^  i.onuiK*iitKS  wliich  art'  ba^ed  in  part  on  v^hat  I  heard  this 
niurniii^  vthith  arc*  tatt'iidtd  to  ^upplemtrnt  tla*  comments  of  Dr. 
.Juster  nnd  Dr.  Knapp.  ^ 

I  think  v^c*  al|  af^rei*  ab  to  the  importance  of  science  to  the  nation, 
Tht  tiaalit>  of  life,  the  i5urM\aI  of  our  frtH;dom  depends  on  whether 
we  know  the  fiitidanLentals  of  science.  ^ 

I  would  hke*  With  >our  jx*imishioiu  to  submit  a  paper  I  just  wrote 
oa  this  fo  ■  a  la>  audience*  outlining  the  importance  of  research  for 
tht  u^i^e«sU>.  whn,h  I  think  Tna>  be  rele\ant  to  the  committees 
delii^^^ratioi'S 

Ml  Wau.hkn  With  no  objection,  that  will  be  made  part  of  the 
record 

|The  j*aj>er  of  Or  Leilxjwit/  follows:) 
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Th^  Meed  to  Kesc^w 

Evan  Pugh  Professor 
^  Pleads  the  Case 

For  Research 


rviuiri't^^heie  ff  be^evit  iha  the  1,11 
ah^  h  ^  if^'f  thf  u\j:f>  con  t>t  found 

BeMAifhitr*^tlitT<jg'Inor/<>rmid&ble  hit 
lifi<?ivJe^^*  T^^I  t  haf'j;*  n*wt  Who*  Hft  ( 
vfiit-iv  MiiOflfl'  dtf^iMC  flJue^ron  Of 

TTa^^]ttH,Tt  si*''LK»^  ^vJ  tncrft  haive  en* 
nch«xJ  dnd  t^ilt  continue  ifinzh  v>ur  tv«^ 
What  rv^'flcr^.f^'^ppfccialwiitiiATlht 
lunddfli^ia]  i^Sfarctt  t^hi^h       ±  pre- 

t'dtfd  M  liitf  nit**  pa.'l  by  |^^#J:ch  liwn 
ih^  Ufi,*,vr  «r,vr<>^i^fr>(  Th't  rtwsp^i 
<;#pOoft  n  prolrttJ^  f^laitf^i  to  (bt  i^t  thM 

But  d^vclopm^'itt  m  (cchnOlogv  aid 
(h<-j  i^tial  Bp^'*CJtti^i  (iTiClutfing.  bu' 
c^tiunW  n^A  iiO^U^  to  'hw4  m«hDon«Jj 

cr^4Ci^m«^Ar  ir-^i^dun^  our  krov^d^f  of 
rtic  tundamerv^^h  ol  nature  Thi$b«i»ci« 
Kdnrh  ii  Roi  motiv^Tcti  by  {Went^oppl;cA 
ftorts  ^tx^viy  » nt*dt  o(p{cfit  btiipnnuf' 
i!V  bv  itw  tnteUcciitdl  <uno^iy  of  thetchotsr 

on  Wit  ffV^iiiiUtd  t^dO$  (n<Icfd.«\«)iHSc 
fof0L^hi^fo<itider  JEM  Tlio^AJt  Wat' 
wr^St  waicoivt^;^edih««>mP^(et^^AVJf 


not  t  piofasUe  tnt/«timeni  C?«  ^den  S:  S«i- 

Of  cour^.  torn?  b4$K  («wrch  itcarTl«  J 
ouimindgstry  LaigefccjpCfACCinj  jochaJ 

lomdamenidiiw^rsti^atior^  Bniiher^^c 
£iif*««jic«t  bttAeen  umvei^^y^bascd  «nd 
mduffly  bd>«d:v^ich.  Of;cimportditd(' 
fcjenc*  Wlow*  (rom  potcnt<iJ  d<t*y  be- 
ti\  e«n  i^fvAfch  afiiviiv  «nd  i»  applieAtcn  or 
p^^ofJ  tnduttry  if  rcq^c^roi^oivaprofii 
and  (hti  nAUii^liV  Jimiti  ihc'r^rure  Aifd 
nuigr.'gdeof.KbaJirwwetcnpJOS'*'"* 

conoibuntjn^bt^h'v  d«iifeblv^ij:  i/KTe^wt 

flinty  ^^inStit^g  Tht>Wi%^ivtr^a*'<lifKJu«tv 
at*  in  a  ijn^i  pono^jn  10  juppci^  Kt^^* 
md  j»Tiv  e<in  b*$t  iwn  J&l<f  rSs  iftjonnst^uir 

mow  induitiv         ^'^^  ^nCfalhOn  to 

u>vquc  jd^  ubch  <umptcm«nt>  the  ^oi' 
mbuiioiiOf  tn^oi;ii^  H^vpoij-v^itfutccis 
oF  JdP^n^  rn\iM»ixy  u  att^bt'^x^  Jn  part  to 

ir.du$tr^  ^rdl  gn^t^ni^i  Andin  ttif  llmttd 
^t^lis  rh«  Nab<>rNil  Science  l-otinddQon. 
tccognt^ng  th*  mutually  jyppoJtivc  (otc* 
ptdy'fd  by  gcA^rnmeft^  unfvmiiy.  and  in* 
diiStjy.  tecmthf  iniuated  a  progf^m  to  im- 
prove imhii^ndlacadcRuc  coopcratron 

DonicliStt  Uf^vvisi^  EvctVCn^tecosiVi^^ 
Ihc  Jn^pOfiACK^  and  eeritral  ob'tjpcw  oi 
leactwg  Rw*a^cb  and  leaching  ar*  ccf>- 
siot^cd^  some  t&birakirn4ia%«^  ant!  even 
A'^tih^ixat tuncroiu  Th^axv  onthc^on 

benvficfal  lo  (he  c^ti,  and  thf  beji  re* 
U!atch^i>  at«  iffquetidy  thtf  bev  (eaetieis 
£WrAu)7Lh«yAi^ttie(a%'0ii  th^fronttcff  of 

Ate  conungn>Ce^«d  n^tuieUy  t&  diver  ^ru 
d«ftt&  On  ai«  oth^  h«nd,  U  is  poi»bt4  lor  a 
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(Ct^tlnu«d  horn  p4x9c  20^ 


gtfftejdtiu/it     trJC^ntt  bt!<aujc  of  hit 

Dtnich    S'rtd  p*«Hf«c<I  The  mateflal 

ibJtf  vitiruineje  Highly  paid  wmor  «x£cu- 
0*  tftfl,ld  o*ffl  ^wtxting  hat  voi- 
<J^  a^org  u/tih  th?  ^^^er  you(y3  ^otntt 
M&f«  than  ny  w^tt  tater.  I  took  b^I;  da 
thi>  fourth  At  a  high^^i  of  my  sra<fijfiie 

^nd  «nlhu5d4ni  A»  a  tiu^fent  1  wat  C^^Qy 
lmP^<^^^d  u^tb  boih  of  his  courMt  but  I 
IdWi  ^:arn«d  to  my  ditnv^th^i  ihe  Mcond 
couiM  ctat  \^o«funy  ou|  ol  date  He  haJ 
(su^ht  ut  mat^al  that  woutd  hbvv  b<«n 
4p^^op^a:^  61  hlUDry  but  ^^hkh  did  not 
take  ^nto  ^«<Mnl  t^-o^d  det  of  progreu  m 
tt^l»£(d  In iheftjti cours^he'Aatactiwin 
KMaicrthifxuclr  buiinihe^ondhev^M 

^heit  and  ua>  not  ^i^iiedla:^  develop* 
mentt  « 

Thefeisonlrmnth'ieJfperienfoittffea:  A 
t«4Ch«T  -.*ho  n  rot  alto  an  a^twc  tct^r 
fiay  innti^«tttfn:'y  ni»kdd  hittftidentt  and 
do  d  dtswtviCe  to  ihe  umveruty't  edgci' 
twOAl  re^pon)ibilce$ 

Dta'i  ^t*'k  W^ham  of  the  UriwmtvoJ 
Wi^onsjn  iJvg^iod  ^rtt  pf-Oniy  to  pioduC' 
owicVlir^fl.p  Heieflsorifdihatifhjfac 
iilrv  w<uvintbe  forefront  of  knoaWdgtfthepi 
N  Ktm^  uoutd  Adci^uate  fd^ally.  of 
<wnc  ucold  pMvi  thai  all  fa^^ltybe 
pitxiuat.sfi  fctKA-iti  b^itw^reof  »i4:eol 
ihf  thtfit  ficldt  and  b«  Able  to  com- 
ffluflsjiiw  with  jrud*n[**t  aj  to  pnoa* 
V4<v  iE  not  inipire  ihem  The*c  Are  Mch 
lodividoait  or  ^ery  carnptit  but  iheit 
njinb^i\  ^r^        tvan  Ing^aham't  a$* 

^r.ip  u«  -st^  fik  ^  iafer  pQ$i^n  itun  il  ^< 
-i-s^'^n  th^  hi^heit  Pri^»:y  to  teAcbmg 

Cn^  tfil-it-rnV-/  heart  lhalauni\^^lv1t 
'j/t'jt'  or^tMiaTiitnii^^jTi^jtrAr^dAmOO^ 
th,'  i  .p  iD-.f  20  lO  ih*  country  ^  Tftc« 

{:oni»<'y  t^enattouil ^nd^M*manc/uJ 
i^PiiTdUun  of  an  ^Ju^non^i  irtstfution  it 
dttcrmin^d  pnmanlv  by  ih^qu^^  of  the 
rcvarch  ^ivd  t^holarihip  <A  ilt  fazutty 
Fuitliern^jtv  produ«Dv«?cwar«hvttAtUACt 
ntM  oflly  \iud^nu  bul  tuso  f\indt 


S^Af e  ihoray  dfter  IVar  H  the  'ed^ 
eijl  'jrAtrnnwn'  %flt  Pt<>v*d(rd  gvnejcjt 
ttfPpo:ir4!:rit^arcninunfv^nitivt  Tliefeis 
piot>jbly  ni?  i^>^^i«h  umwtsrty  In  tJrtt 
country  fot  'ihich  sovofntn^ni  gmnis  and 
£0A^4>rf(  Are  no*  a  majot  bud9ei  item 
ThtM  iii^tdt  ire  niad«  on  the  baut  it 
te^'^'^r^n  a^cornpliibm^ntt  and  scholarly 
potenujil  Pfoducti\e  KS^^^K^s^  paiticu' 
larly  'n  ih«  sciences  ^an  atU'tct  jiigni&cant 
f4t%aA<ial  luppOfi  from  <}Oven)menl  ^Sen- 
o^^  af>d  pnvate  foundat)0/)t  Penn  State 
«urien%  teceivet  apptojumatdy  S67  rrul*^ 
bon  annuaGy  from  tb«  fed^df  ^ovemmeni. 
Thit  (orrejpondt  to  7fl  pwtf<nt  of  the 
t«a;ch  btufgetand  17  parent  of  totafLfni^ 
v^tity  opcraofl^  fuf>dt  tex<1t:dkn9  auxlt^ry 

■  cnieipn«s} 

The  them«  of  thit  paper  it  the  mutual 
iRitfrdependenc^  ol  the  uRtv«i)iry*'t  obli^a^ 
Qont^tcachmg  iei«4tchvandp(jbJie»«i' 
vkce  Thete  «re  not  lTidep<Adeni  ot  ev^ 
pifAt^ifiTKticnt  but  rath  eribfcemodesol 
dtscharging  out  obfiganont  to  £oaety.  It  it 
uiMtkAbk  how  many  examples  of  thtt 

^  munjAl  int^depefUl^nce  un  b«  identified 
f^ot  oriy  do«t  r^AKh  aid  leachicvg.  bat 
teaching  in  lum  hat  b  ttmiufatifvg  effect  oa 
ictoatcb 

It  It  our  duty  a$  fazutty  to  continually 
Qut^txKi  the  trat«  of  knowledge  In  our 
fieldt  Tht^tsaeconcptishedbyAvanerAof 
m^aAt  including  pjbiistiirg.  pret^tiEvg  t«' 
t?^cnj«PoctttopifeitH  flod  contuthcvgwiih 
flovemmem  and  pnvaw  group*  -Such  ec' 
tiviD^  provtdo  a  ueJCom^  t^  Ol  our  kno^vf  < 
edge  Our  confidence  in  th^  t^ue  of  « 
theory  It  enhanced  v^hen  U.  it  acc^ted  by 
P<reit  or  c^hen  ii  i^oiki  In  the  realVoiid 
Studentt  pbiy  a  ^:iial  tole  m  thitprocHf  by 
Quv»omr>g  ^nd  challtfn^Aj  their  lcach«n 
An  mqui^-  ftom  wmeone  uho  it  not  to 
tfltnibar  ^th  the  subject  matter  wn  pose  a 
wry  peneiTADiig  Quettion  ^hieh  ttv/tt  to 
uncouer  c^eakneu^  m  our  cfM\  under- 
ttandtng 

P:rovosr  Eduuard  D.  Cdd>^  cha^act^nfei 
(be  utufv«rtitv  At  AnaU^out  to  A  IbteC' 
feSJcd  tioo)  CVvr-  Of  tjndeiemphaut  of 
any  ot  our  ob]^i  oont teachrt>9,  reteAich. 

pt^biic  service— jnteTf£r«$u,ith  the  Abibtyf^' 
Mrveourtiudemtn  with  progress  in  scholaf' 
ship,  and  ^'tth  the  cffectivenots  i^iih  ivh^h 
wii  meet  oui  obligaiK?tu  to  the  public  that 
encourages  And  tupporlt  our  and 
unique  lole  m  sodery 


Cftluffib^^tA^  tKr  OS  Army. not  tff  fDtMta* ihe 
Viilvtrii|it\D4  MuMth  Md  (uniplMiunil  d4 

4  <tH^4AhtlA  fltlftwltvf^  4AJ  *  WA  Hu>M4t4t 

mwiHtr  «<  bt64v»(«l  KtrAcc*  tDH:  tA^ 
}4tMd  PfltA  Siiit'r  IhiJIv  lA  Ui^lU  Ittp* 
Ivl  body  hi  by  imaa^  lAd  hb  mind  In  tttt 
Mth  rtKirrh  —  tA^  hmU     ,t  ActuiAl  10  him 

K  h4Ur.  [ht    tidvAi  if^hit^  him  CfriA  F^tih 

htm mdn  dii|}f>ri|«htdt«V(4'VofdthirtA dbfit 
fimiltrlif  huMd  t0  ttTO«nutf\M  f  pipon  mft  of  tt* 

W4tl  of  Om  UntvcfMlv/' 
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Dr.  LKffiowir/  1  woufd  like  tu  observo  that  the  National  Science 
Foutidiition  in  luy  L-xpori^^nCL',  which  goes  back  27  vearSj  done 
a  truly  excoUont  job.  Sonic  of  us  oldtimcrs  remember  back  in  the 
fifties  doubts  about  the  government  buppurting  research.  Those 
were  not  justified.  NSF  piaved  a  unique  role  in  supporting  re- 
search. ^ 

The  third  point  I  have  is  one  tha^  supplements  some  of  the  com- 
ments thib  morning  regarding  the  role  of  bt^havloral  sciences  and 
its  importance  to  bociet^.  His^torically,  L^a^^h  diE>cipline  has  a  period 
when  it  is  most  productive.  Physic;*  and  physiology  were  most  pro- 
ductive in  previous  ct^nturics,  the  first  part  of  this  century^  and  the 
latter  part  of  the  last  century  were  very  productive  for  physiology. 

BtHTause  science  is  hierarchical^  behavioral  science  was  not  possi- 
ble until  recently.  Perha()s  the  committee  is  aware  the  first  psy- 
chology department  was  founded  only^a  century  ago.  We  had  to 
wait  until  the  other  sciences,  physiology,  biology,  physics  m^de  pos- 
sible techniques  and  methods  to  do  our  experiments. 

We  have  seen  in  this  century  an  increasing  contribution  from 
the  behavioral  sciences.  I  brought  material  with  me  which  I  would 
be  Klud  to  share  with  the  committee.  The  bottom  iine  is  that  this 
material,  I  think,  supports  the  statement  that  we  have  really  made 
progress  in  the  behavioral  sciences. 

.  We  made  it  because  1  think  the  time  was  ripe.  We  had  the  con- 
C6pt5»^the  techniijues  and  the  backing  of  the  Federal  Government. 
Coupled  with  this  oppportunity  to  continue  our  prOi;rcss,  there  is 
an  increased  societal  njsed  for  behavioral  sciences. 

You  mentioned  that  very  articulately.  Dr.  Juster  mentioned  it.  I 
would  like  to— as  Dr.'Juster  said,  any  oC  us  could  give  examples 
from  our  own  field.  I  would  like  to  mention  a  few  from  my  own 
field,  which  is  experimental  psychology.  

We  have  interacted  in  experimental  psychology  with  the  engi- 
neering sciences  to  try  to  solve  some  societal  problems.  Taking  an 
example  of  ont'  which  was  very  successful,  aviation  safety  is  truly 
remarkable.  If  you  look  at  any  data  on  aviation  safety,  particularly 
in  the  last  decade,  the  achievement  is  remarkable. 

How  do  we  do  this?  Well,  we  did  this  by  working  with  engineers. 
Engineers  provided  the  jet  engines,  provided  the  instrumentation, 
provided  the  mechanical  techniques  to^make  jet  travel  possible. 
However,  without  the  human  factors,  without  the  behavioral  sci- 
ence, the  people  who  understand  perception  and  learning  and 
motor  skills  and  response,  \^e  would  not  have  the  safety  record  we 
have  in  avi^ition  today. 

This  reflects  what  1  think  is  happening  in  our  society.  As  we  de- 
velop machines,  as  our  technology  advances,  we  have  to  interact 
with  the  engineers  to  use  these  in  a  safe  and  reasonable  way.  We 
call  this  human  factors  in  experiit^ental  psychology. 

That  has  many  meanings,  but  the  prticular  use  of  it  here  is  jn 
an  engineering  sense  to  cooperate  with  engineers,  looking  at  the  in- 
terface between  man  ^nd  machine,  looking  at  the  unit  which  the 
man-machine  combination  represents. 

There  are  other  areas  where  1  think  we  could,  and  hopefully  will, 
make  some  coatrtbutions.  Fcjr  example,  traffic  accidents.  By  any 
standard^  the  ^0-some  thousand  deaths  on  .our  highways  is  a  na- 
tional emergency.  It  s  an  epidemic  of  deaths.  We  have  killed  more 
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peopio  on  uur  hiKlii^<^v±»  than  all  tho  wars  of  our  history.  What  kind 
of  problem  is  ttim? 

Wei  I  ^  its  a  niultiijie-dii>ciplin«ry  problem.  It  involves  engineer- 
mg.  It  certainly  involves  behavioral  btienccs.  Let's  take  an  exam- 
ple. The  engineers  have  provided  us  with  excellent  seatbelt^  They 
hiive  been  developed  over  the  years. 

Wo  now  have  ^>t'dtb^?lt^^  which*  if  >ou  invest  a  few  seconds  of  your 
time  when  >ou  drive,  could  cut  down  the  accident  death  rate  by 
half.  Yet  people  dwn't  we±ir  them.  About  11  percent  of  the  people 
wear  ^eatbelts.  This  i&  a  behavioral  problem,  not  an  engineering 
problem.  Thii>  ii>  a^rubleni  falling  within  the  area  of  peopk  within 
my  field  who  are  concerned  with  behavior,  with  selective  probabil- 
iticij. 

Wc  made  progrei>ht  and  I  would  predict— I  don't  know  the  answer 
to  the  problem*  but  L  predict  when  the  problem  is  solved^  it  will  be 
contributed  to  inimeni>ely  b>  people  in  the  behavioral  sciences,  of 
course  working  with  engineers.  We  need  the  behavioral  contribu- 
tion. 

I.rOok  around  our  society.  We  see  many  examples  of  the  impor-^ 
tane«  of  behcivioral  bcienct^.  In  health  care,  many  of  the  problems 
in  health  care  are  not  medical.  They  are  behavioral.  Overeating, 
foi>  example,  and  drug  abuse,  smoking.  We  know  the  inedical  as- 
pects of  thl^i  problem.  The  problems  that  face  us  today'are  behav- 
ioral. Fortunately,  we  have  progress  in  this  field  which  I  am  hope- 
ful will  be  useful  in  the  near  future. 

We  find  in  education  we  have  a  revolution  in  technology  with 
computers.  The  use  of  computers  depends  upon  a  knowledge  of 
human  cognitive  processes.  We  have  to  know  how  people  think 

We  have  tu  know  how  they  gather  information  from  computers- 
We  have  to  know  how  they  program  computers.  Those  are  areas 
for  which  the  basic  i^cience  is  now  being  carried  on  within  the  be- 
havioral science^^  ^   

Look  around  this  room.  We  have  some  very  impressive  photo- 
graphy regarding  the  space  program.  One  of  the  major  problems  in 
space  is  a  behavioral  problem  of  motion  sickness.  Many  of  us  feel 
that  hy  combining  newer  biology^  neurology^  and  behavioral  sci- 
ence, we  may  be  able  to  solve  this  problem.  The  point  is  that  the 
contribution  of  the  behavioral  sciences  is  essential  to  this  approach 

WelU  I  could  go  on  and  on.  I  know  time  is  short. 

Let  me  just  say  I  think  at  this  period  in  our  history*  we  have  an 
opportunity  to  continue  our— what  1  think'is  a  really  remarkable 
achievement  In  behavioral  science^^ Society  needs  it.  We  have  an 
opportunity  and  a  need!  I  hope  this  .brief  outline  will  help  you  in 
^  your  deliberations. 

[The  prepared  statement  of  Dr.  Leibowit^:  follows:]  " 

/ 
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Tkstjmony  or  Heusciiei,  W.  Lkiiiuwitz^  Ph.  D.,  on  Bkiiai-Koftiie 

,_-AilEmCAN  PSYCHOLOGICaI^  ASSOCJATION  AND  THE  AsSOClATJON  FOR 
lUR  AlWANCEMENT  OF  PSYCHOLOGY 

^T.  CtiAlnun        acober*  of  t\kX»  Subconmltceef  l-^B  Merachel  UglbOviCt^ 
Evan  ?\fgb  prof«ai^>r  of  t^aychology  aC  Pennsylvania  State  University.  I 
received  ay  first  Z^*^^  ^^^b  the  National  Science  Foundation  (NSF)  in  I956t 
Since  ttien  I  Have  tePeatedly  revUiwd  ^ind  evaluated  reweatch  gtant  propoaala 
to  the  Foundation  and  hav<>  been  involved  In  nuaeroua  other  Foundation 
actl\rltl4a.^^lfi_atateDent'lo  iBad«  ^n  behalf  of  the  XnerlOAn  PsyoholoSical 
Aaaoclation  and  the  Association  for  the  Advancenont  of  Faychology  which 
toSether  represent  60^000  psycholoSlats  and  behavioral  sclentlats. 

Ue  are  particularly  pleased' to  be  «ble  to  cmcment  today  on  the  proposed 
FY  S4  authorisations  for  the  Hatl<>nal  Science  Foundation.   Menbera  M  thla 
Subcommittee  are  well  Aware  of  our  deep  and  continuing  Interest  In  N5F  and 
particularly  In  tb^  BlOloSlCAlt  llehavloralr  And  Social  Sclencea  (BBS) 
,  dltectorate.    On  b^h^lf  of  all  paycboloSlate ^  I  vould  lik«  to  exptesa  our 
Appreclatl<>n  for  your  aupp<>rt  of  the  behavioral  and  social  aclencefr  dea^plte 
tepcated  atteapto  by  the  Adialnlst ration  and  aoa«  tteckbera  of  Congr^aa  to  fund 
these  acl^rCcif  4t  a  disproportionately  lov  level  In  coaP^rlaon  to  other  areas 
of  science.  ^  i 


The  NSF  in  the  pa^t  haa  repreae^ted  the  best  possible  contract  between 
science  and  the  federal  e^ve^rnoent  In  aupport  of  b$alc  research  In  all 
flejda.    ^Mt  thla  contract  has  been  violated  by  the  Reagan  Administration's 
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atteoptA  t6  deftlgnat*  pArtlcular  ACtAB  of  reitfiirch  ae  being  of  lou^X  priority 
for  supj>«rt  * 


Other  vitDe«Ae«  vho  haVA  ApptA^^t^  before  yoo  Coring  the«e  he^riagt  h^ve 
de«Grlb«<I  the  central  role  oj^  the  FounJAtlon  In  thla  natlon'a  baalc  research 
enterprise  Atu)  the  Tieceaelty  of  o«l&talntr^  a  atro*^  budSet  for  NSF,  tuither 
vttAn  cover  thlo  ground  again,  t  vould  AimplV  like  to  echo  our  support  for  full 
funding  for  NSF'«  FY  84  budget.    The  18  pcrcettt  Increase  targeted  for  the 

Foundation  it  t  gratifying  «lgniil  thdt  the  ActttlitJ^ttatlon  r«COgnlcea  the  value 

t 

of  basic  research  and  ahares  in  the  scientific  coom^nlty^s  confld^ncft  thdr-^ — 
stronjt  baalc  reaeareh  activities  aT«  a  ^^y  eleaeot  1^  aalntalnlng  our  statue 


4«  vortd  leadera  it>  science  «n^  technology. 


Parrlsan  R«S(*4rrr 


*     Just  aa  th^roposed  18  Percent  Increase  for  NSF  sa  a  vhole  la  a  aigual^ 
so  say  the  proposed  budget  for  behavioral  and  aoelal  science  research  be 
Interpreted  In  ter&s  of  the  Adalnlatratlon' s  Intent,    But  1^  1«  ^ 
aobfltanrlally  lea«  povUlve  signal  rhat       being  rrahsoltred,    jhc  proposed  ,FY 
84  t^dd^et  for  NSF  once  again  1»  an  attempt  to  eatabllsh  a  hierarchy  ataong  the 
sciences,  vlth  behavioral  and  aoclal  science  rasearch  r^celvl^V  fat  I^^b  rhan 
an  equitable  share  Of  the  proposed  Increase  for  the  agency'a  .overall  Research 
And  ReUted  Activities  budget*    This  la  «  particularly  critical  tasue  becauae 
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tbeae  ateas  of  reftcarcti  tL(iv«  «lre«dy  botne  aaro  than  th«4t  share  of  budget 
reductions  alnce  FY  30^  the  last  strong  year  of  NSF  funding  in  these  Bcleuces. 

Ue  estlnste  that  aa  Increase  of  32.2  percent  (or  10.9  allHon)  over  tlia  FY 
83  budget  Is  required  ti^  restf>re  the  l>ehavi«ral  and  Neural  Sclencea  division 
to  a  level  i^f  funding  comparable  to  FY  BO^*    But  this  division  1«  slsted  for 
sn  Increase  of  only  12^2  Percent  (frata  i33t8  sllllon  In  FY  83  to  iZ7*9  oUlllon 
In  FY  84)^    Ulthln  tVls  division^  thera  is  an  aven  aore  disturbing  proposaX  to 
Ifalt  the  paychobiology  prvgrao  to  an  Incrcssa  of  only  2.7  percent  (froa  i3*7 
ttflllon  in  FY  63  to  i3.8  allllon  In  FY  8^).    Yet  ve  estlaste  tbat  an  increase 
of  4g  percent  (or  il  allllon)  Is  needed  to  testore  the  program  budget  to  a 
Uvel  toQparible  ta  FY  gO«    Slallsrly^  tbe  gatlal  and  Development a 1  Fsychology 
prograa  would  changs  only  A«7  portent  (froa  i2tl  Billion  In  FY  83  to  i2*2 
allllon  In  FY  84)  If  th«  Adolnlstratlon's  budget  is  adopted.    But  becauae  of 
recent  budget  reductions^  a  90  percent  Increase  (ot  iK9  allllon)  uould  be 
tequfced  to  restore  this  prograa's  budget  to  Its  FY  80  strength. 

r 

Insteau  of  restoring  these  prograac^  the  Adainl«ttation*s  ProPosals  would  havo 
the  effect  of  further  reducing  NSF  support  for  the  behavioral  snd  social 
sciences  because  the  increases  fall  below  the  rate  of  Inflation^    Only  budget 
proposals  for  the  Neuroblolk^gy  program  and  rhe  Soclsl  and  Economic  Sciences^ 
Division  spProach  parity  with  the  Foundation's  other  areas  of  research. 


*ThlSf  as  well  as  subsequent  ustfaateSf  Is  based  on  a  5  percent  per  year 
Inflation  factor. 
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K«ut«MoloSy  1»  targeted  for  a  I6>3  percent  Iticreaae  (fr«a  ill*2  nallloti  In  FY 
S3  tQ  il3>0  QiUiQti  Iti  FY  SA)  and  Social  and  Economic  Sciences  arc  targeted 
tor  a  17»7  percent  increase  <frOtt  tl9»$  ollllon  In  FY  $J  tQ  t23,3  nlXllon  Ifl 
FY  84). 

Fot  the  »ake  of  coaparlaoni  it  should  be  not«d  that  several  othct  area^ 
the  KSF  Reaearcb        Related  Activities  budget  are  tar&eted  fot  incr^aaea  that 
ate  dlopropottlonately  hJgb^t  than  the  18  percent  increase  proposed  fot  HSJ  as 
«  whole.    Fot  ex<Dplj&i  Hath«aatlce  and  Physical  Sciences  1*  «l«ted  for  a 
percent  Increase;  Aat tononlcali  Atmo^PhorlCi  Eattb  and  <teean  Sciences  vould 
t«celve  «  21>3  percent  increase;  and  the  Ancarctlc  prograu  voul<^  receive  a 
22»7  pettcnt  itiCtease, 

It  itt  one  thing  to  establish  Ptlorltiea  y 1 thl n  a  particular  area  of 
teseatch*    But  tbl«  budget  propoeea  to  eatahllah  Prlorltlea ^isonfi  the 
sclenceai  thereby  creating  a  patt laan  alaslon  for  NSK.    The  scientific 
cocnunlty  «s  a  whole  has  consistently  opposed  effotta  to  politicise  research 
aupport  In  any  area  of  science^    One  example  ia  the  follouins  excerpt  froD  the 
Hotlonal  Science  Board's  ""State^a^nt  on- social        Eehavlotal  Sciences'"  r 

The  National  Science  Board  b&llcv&s  that  suppott  fot  the  social 
and  behavloval  scienceai  as  with  all  sciences   should  continue 
to  be  hj«9ed  <>n  ctitetla  of  re«0arch  quality  aa  Judged  by 
tigorous  critical  ttandarda.    Tba  Roard  believes  It  ia 
lopcratlve  to  have  tesources  adequate  to  aount  a  balanced 
program.    Such  a  progtAa  oust  Include  nalntcnancc  of  large  data 
haseai  ioproveoent  and  ^tr^ngthenlns  Of  research  uathodologlea^ 
and  provision  of  opportunity  fot  Innovative  Investigator 
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tatct«ted  projectv.    ^he  lonjt^Taitg«  lacer^sCfl  of  ch«  coonCiry 
Tequlre  a  conclnolug  base  of  adequate  sopporc  of  Che  social  and 
behavioral  acteuccG  eo  Chat  Ch«  research  baae  and  tnCellect:oal 
vlcallcy  Che  United  Scacaa  has  eacablt«hed  In  th«ae  Clelda  caa 
be  salnCalned  and  lncr«ad«d. 

The  enClT«  atac«Q«nC  by  ch«  Board  la  actached. 


The  AdalnlsCTaClon'a  propoa«d  FY  84  dlatrlbocton  of  funds  alao  conveys  a 
Dcsaafte  Chac  reacarch  In  ched«  areas  Is  of  leas  iDpotcance  Co  the  national 
Intereat.    Xhia  oaaaage  coiuradlcta  the  nueterooe  expreaaiona  of  bl-'parclaan 
coi^reaslaonal  sopporc  for  behavioral  and  aoelal  aelence  research  chat:  have 


appeared  In  ComnUCCee  rcporc  language  and  floor  aceceoenCa  In  the  past  several 
years.    IC  alao  ov«rlook«  che  nuserous  breakchrou^hs  that  have ^be en  sade  In 
Chese  aetencea.    FoUovlng  are  Just  a  fev  examplea  o£  Che  contributions  that 
have  reaulced  froTo  vork  In  the  behavioral  and  social  acienCea: 

0     SCudl^^S  have  been  undertaken  by  PaycholoSlscs  and  ochera  On  vhy  people 
afftllace  vich  parclcular  Rroupa.    This  has  Inpllcatlons  for  underacandlng 
a  varlecy  ^f  liaporcanC  aoctal  phenoiacnat  Including  recrulcoanc  and  . 
retention  Of  tndlviaoals  In  allltaty  oxBanlutlonSt  "^butnTOUt"  anong 
Individuals  vho  work  In  atreaaful  eettln^Sf  and  che  probL^sa  thac 
newcomera  encounter  when  they  enter  unfaQlllar.groopa  (for  exaaplet 


"ma Inst  reaped students  In  nev  clasaroos  aeCClngat  "coken"  wciaen  and 


atnorlcy  persons  In  new  work  aettlQSs).    Thcae  ccudlca  h«ve  great 


potenclal  for  application  In  allttary  and  Industrial  acclvltiea. 


V 
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o     KSF  acudles  bAve  conCrlbuCed  algnlf IdhClX  Co  b««lc  kiiOvledge  About  the 
nature  and  d^cerolnanca  of  «ihi&tnu^tlve        destructive  procea^ee  of 
<:ofifllec  resolution,    thlw  knpvledge  ha  a  been  uaed  vldely  In  trsloins 
tea4^her«f  adolnlstratorffp  n^gotlatgrsi  aedlatorsi  dlPt^iutSi  etc.  In  h«v 
to  AtAl  vlth  conflict  constructively  rath«r  than  destructively^ 


0     Reaearcn  <^n  a  relatively  fundamental  toplc—ldentlfying  and  oeasurlii£ 
huDsn  ttOtlves"hafl  h«d  renstkable  appllcsbUfty  In  the  hsrd"hcaded  world 
of  Ameti^M  buaincffst    In  partlculari  the  achleveaent  aotlve  (measured  hy 
special  techniques  developed  over  the  year?  by  PaXcholosl^ts)  Plays  a 
Isrge  role  In  Prosotlng  aucceasful  entrepreneurial  behavior^ 


NSF  bss  alao  fur^ded  extensive  research  on  che  leadership  oottvatloaal 
Patterns  vhlcfi  ^*ad  to  success  In  nanaglng  large  complex  organlsatloaa. 

This  ertplrlcsi  tnfonaatlon  has  been  considered  of  great  value  In  sclectlni^ 

 y>  -  -..  — 

and  training  managers  for  a  nuaber  of  V^S.  corpora tlOns^    It  also  hsf 
*«xtcnaKely  vtlllr^  by  the  V.S«  Kavy  In  Identifying  characteristics  that\ 
lead  C<>  success  aoong  officers  at  different  levels  of  responalblllty. 
Training  courses  have  been  developed  by  paychologfsts  to  prooote  such 
patterns  ^nd  o^her  competencies  needed        success  aoong  offi^era  fn 
itevy  and  eaJor  corporarlons-  \ 

\ 

The  sear<^h  for  the  location  In  the  brain  vhere  learned  fnfotaatlon  fs 
stored  has  been  loi^  end  elusive,    Richard  Thospaon  and  his  colleagues  At 
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SCdnford  Unlv«t»ity  believe  tk^y  hAV«  lotallred  a  brain  region  invDlv^d  la 
the  ftCorage  of  a  aPeclfic  aeao^*    tht  cer^belliua  bas  been  knovn  for  d 
long  ciae  Co  be  involved  in  control  of  oocor  beh  vior»,b(iC  uaa  Qoc 
suBpecCed  co  be  «PGcifically  involved  in  Aecorj^.    Thospson^s  ocudico  «t« 
Che  flrsc  d«Bon0CreCi^a  rhac  a  aPecific  blc  of  ^cflrned  infocoaCloa  nay  be 
scored  «c  4  dl^crece  alee  in  che  brain*    Thcae  discoveries  provide  the 
basis  f^r  furcher  invesCigaCloas  Co  localise  OChec  sices  of  mecorJ^  scorage 
snd  CO  underscand  Che  baaltt  ^f  l^Arning  pacholoSies* 

Coapurers  have  been  crsdiriOnally  designed  itnd  used  for  scienCific 
coopuCaCiona  chac  involve  eotoPlex  buC  well  defined  Proees»es.  RcceaC 
coQpucer  research        led  Co  qgu  approaches  and  uses  of  c<mpvcer  sysceos 
koovn  as  "expcrc  tty^ceQs,''   Typically*  an  exPcrc  ayscec  will  Jollou 
problem-solving  procedures  used  hy  hu3£:n  experCs  Co  aa«isc  nonexperts  In 
aolviog  complex  problecs  in  specific  knowledge^ba^ed  areas.    Jfy  be  tiseful> 
an  exPerc  syscea  au«C  have  a  knowledge  base  snd  Che  abllic;  Co  oanipulaCe 
cbaC  knowledge  base.    Considerable  progress  hss  been  aade  in  sdvaneing  che 
sea ce-of-" Che-arc  of  experc  aJ^sceaa  research  on  a  nuaber  of  ftonCa*  AC 
SCanford  UniversiCJ^k  f^  ^xaoplet  a  ream  ot  reseitehers  led  by  Edvttrd 
FeJgenbauq  has  developed  expecc  syscetss  ChaC  can  aid  in  oedieal  disgnosis, 
formulsce  rules  of  mass  speeCroaecrJ^>  and  analjrte  daCa  in  ptoCein  . 
enseal  lography^ 
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B^ftlc  behAvlotAl  And  social  sclonce  reeeAtCh  cili  conclDue  to  play  a  viral 
tQl^  In  oddrelislE^  iBan^  of  tht  ioag'V^agt  la^ues  that  f aCe  ~rhl«  councty.  Thl6 

Afflroed  In  Senate  teflt^con/  presented  last  jrcAr  by  Dr.  E.  Hargoret 
Butbldgei  Presldenr  of  the  American  Association  for  the  AdvanccoeDt  of 
Sclents*  (fbo  «rated; 


,  Ir  bears  eophaalft  here  rhat  naoy  of  Cbe  aatlOD*s 
problems  dealing  vlrb  energyi  rhe  environment,  health  eare 
dellv«ryi  productlvl'-y  ptvI  ccododIc  developoeor  call  for 
continued  research  In  coclal  <>a4  behavioral  eclencea  as 

as  r«fieateh  In  engineerlitg  and  the  physical  aclcncea* 
Equally  laporrant»  they  call  for  cooperative  and 
collaborative  reoe.tcb  asong  social*  narural  and 
onglnoeting  sclenrlsrs  and  deaaod  a  strong  teo«arch  bue  in 
all  rhese  areas^    Neglecting  —  or  hsndlcapping  —  eaclre 
flelda  of  science  vlll  Have  serious  negative  lopacE«  on  our 
ability  to  aeet  rhe  challenges  «f  oany.of  our  aoat  Ptesaing 
probleia«. 


Ketf  Director  for  BBS 

In  addition  to  sertlng  budget  targets  for  the  National  Science  Foundation 
rhere  Is  anorher  aspact  of,  KSF  actlvlry  that  warcants  tbla  Subcoicalrtee's 
close  and  Ismedlate  attenrlon%    1  an  referring       the  rfttenE  dlantlaaal  of  rh« 
director  of  BBS  and  rhe  search  for  her  replactncnt*    our  aPeclflo  concern  la 
that  pollrleal  beliefs*  rath«r  rhan  coaperenc«»  vllJL  be  the  chl«f  criterion 
for  becrvtalng  appolDCed  to  tha^  position.    We  believe  Ehat  the  BBS  director  vas 
Asked  to  leave  for  political  reasons^  anJ  that  candidates  Job  vlll  be 

evaluated  on  al&llar  gtounda.    This  practice  again  ralaa>  the  iipeiitrtt  of 
partisan  reseat^  baeau^e  It  represents  the  laapproprl are  Injection  of 
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p&lltlci  late  attlvltles  vb«re  «GieatlflG  conslieratl&rte  traditionally 
deteralne  goals  and  dlrectlona  of  resesreh* 

The  presence  of  politics  clashes  vlrh  acleaflflc  vulue^.    We'are  uralng 
Congreso  to  uphold  those  values  by  using  every  possible  aesns  to  encourage  HSF 
to  select  a  nev  BBS  director  on  the  bssl«  of  Individual  expertise  rather  then 
Id&olosy*    This  Subcocsalttee  should  nalntaln  An  active  oversight  role  In  the 
selection  process,  '  \ 

Polltlclrstlon  of  the  BBS  directorship  would  be  especlslly  detrloenf^sl  to 
the  behavlorsl  and  soefsl  seleace»>    As  noted  above^  research  i&  these  areos 
hdp  buen  dseoed  os  a  lov  Ptiorlty  hy  the  sane  AdnUnistrAtioo  that  will  be 
oaking  the  sppolntaent.    Under  rhese  clreuaatanees^  we  anticipate  thst^  unless 
Congress  lotervc^nes^  the  Adnlnlstrstion^S  sppolntee  for  B^S  will  uphold  this 
policy*    Th«  vulnersbllity  of  the  behavlorsl  and  social  selcitces  to 
disproportionately  lovet  support  would  be  locresstd  rather  thsa  alleviated. 

In  Summsry 

We  are  ssking  ecabcrs  of  this  Subconolttec  —  Add  Congrcfle  ss  a  wh<kle 
to  take  t>ttf  followir>g  steps  to  aalntaln  HSF's  eonalteenr  to  nonpartisan 
stientlflc  Inquiry  and  to  strengthen  th«  fed«ral  Bovernmeot's  support  Of  basic 
behavioral  And  soelal  selence  ressarehi 
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R«dlAtrlbiic«  funds  vlchtn  HS?*b  Rcaearch  ftnd  RelAC«d  AcTitvttlefi 
biidg«c  for  FY  8A       that  all  ptogratts  r«cotve  ptopotcLoOAte  lnct«a£«fi. 


0      )tonltor  the  selection  Ptccae  by  vblch  ^  nev  BdS  dtreccor  1'  cbo«ea. 
As  Pare  of  tc#  owrslShc  r«ApODaltlllcyj  tkts  ^uchorlxtng  eubcomolccee 
obould  tDterv«ne  ca  ensure  chat  candldnce«  for  tbtfl  pofilclon  j^t« 
evaluated  on  the  ^als  of  cooPecence  rather  than  political  beliefs. 

Again,      appreciate  this  opportanlcy  co  c^sclfy  on  these  laj^rtanc 
l0aii««.    I  vould  be  pleased  to  anaver  any  questions  or  ptovlde  further  — 
l^iforiBation  the  Subcotttctlttea  alStkt  require. 


\ 
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STATEMENT  ON  SOCIAL  AND  BENAVlO^lAL  SCIENCES 
AS  ADOPTED  &V  TNE  NATIONAL  SCIENCE  BOARD 
AT  Its  227TH  KEETlttG,  JUNE  l7^Ut  1981 


th«  National  Science  Foundation  {NSf)  it  by  ttatuta  responsible  for  4, 
the  health  of  the  tcientlflc  ent^rPrlae.  of  the  United  States*  Tl^ 
social  and  behavioral  tclencet  are  an  Integral  pm  cf  that  * 
enterprise*    During  the  spring  of  19S1  the  National  Science  Board 
gave  special  consideration  to  social  snd  behavioral  science  research 
sctiviti^s*    It  reviewed  the  history  o£  NSP  support  in  these  fields, 
PUijor  contributions  of  socisl  and  behavioral  science  research  throughJp 
the  yearst  the  current  status  of  scientific  research  Issues,  the 
availability  of  other  funding  sourcest  and  the  current  operations  of 
the  two  National  Science  Foundation  divisions.    In  addition  it  has 
r.«ceived_re ports  from  snd  interviewed  distinguished  scientists  in 
these  fields*  —  ^    

As  in  sll  iicienceSf  nsF's  unique  role  is  the  enhancement  of  scien* 
tific  capability  and  the^ development  of  the  tools. of  inquiry*  xhe 
Foundation  provides  th«^ajor  suppoit  for  All  social  And  behavioral 
^oi^nces  uhero  the  focus  is  enhai)cing  the  objectivity  of  the 
sciences  and  improving  the  quality  of  data  ccllection  and  analysis* 
Such  support  in  the  last  decade  has  led  to  significant  progress  in 
the  developiaent  and  refinement  of  toolsf  techniques^  end  analytic 
capabilities*    As  a  consequence  of  these  methodological  sdvances, 
new  linkages  have  been  forged  anong  the  disciplines  snd  between 
these  sciences  and  the  biological  sciences*    As  an  examples  substan*  . 
tial  progress  in  cognitive  research  has  been  pade*  through  the  joint 
ufforts  of  psychologists  snd  other  behavioral  scientists  working 
together  with  biologists*    ^is  progress^  combined  with  the 
extraordinary  Achlevments  in  the  neuroscienccfSt  ^ives  promise  for 
the  future  of  major  new  understandings* 

Our  society  is  increasingly  technol^^gically  basedt  andt  increasingly^ 
these  technologies  brav  upon  the  skills  «nd  talents  of  social  indj 
behavioral  scientists.    In  this  contttxtt  there  is  a  pressing  need  for 
the  development  of  rigorous  procedures  for  detecting  snd  measuring 
both  intended  impscts  snd  unintended  effects*    The  research  results 
of .the  social  and  behavioral  sciences  address  these  needs*  ^ 

The  fundamer\tal  rosoarch  supported  by  nSf  underpins  end  strengthens 
the  mission  oriented  research  programs  of  other  Federal  agencies  and 
improves  the  quality  and  usage  of  national  statistical  inConaation* 
It  also  contributes  to  important  private  sector  activities  utilising 
economic  'forecasting^  demographic  projections^  survey  fesearch^  cost 
benefit  analysis^  marketing  an/tlysist  and  personnel  selection  4knd 
training* 


.  585 


-Ch«  HattpnAl  Scl«nc4  Bo«td  belUve>  that  support  for  th«  •ocUl  and 
behaylptti  *clenc«At ^ai  Vlth  til  •clenoest  >houlQ  continue  to 
ba^e'S^n  criteria  of  teMarch  quality  as  judged  by  tlgoroue  critical 
.  s'tan^at^Sa*    The  fioatd  believes  it'is  i«ipetativK^o>ave  resou^cee 
»   '  Adequate  to  Rkfunt  a  balanced  pto^tav   £*>ch  e  pieogtam  nuet  Include 

Maintenance  of  large  data^baceSf  linptovenent  end  ettangthen^ng  ot 
^  reaeati:^  nethodologiea »  and  pi?ovl>lon  of  Opportunity  for  innovative 
inveatigatot  inltlat^  projects*   The  long^^teng*  Intataats  of  tha 
country  tequlta  a  cb^tinMng>«ee  of  adequet^  Support  ^of  the  aoclal 
and  behavioral  aolfences  eo  that  the  toeatch  base  and  intellectual 
vitality  the  United  Statea  hae  aetabliahed  in  theae  fields  can  b«' 
■    maintained  end  increased*  . 


June  19#\5,ei 


t 
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DC{>«rta«ae  of  Fb^cholosy  Uooe:    l60  SfUdy  Ridge  Ro«d 

Hoore  BuUdlng  Sure  Collttsci  PA  16801 

(Taiverairr  PA    Ifi802  Phone:  (814)  237-6398 

Ptioaei    (814)  863-1735 

Bora:  Varki  PewiajflvAnlm,  F*bru*iy2li  1925*  SocJUl  Stcuriry  Mo.j  lWt*3^-1573 
Edv^rioo: 

£l«n«ae«iy  tod  «ccoad«ry  tducArloa  In  York  Public  Schools;  sr^uarcd 
froa  Ullllta  Fum  Suiior  HiSh  In  1942. 

1942-  43; 

1946-48:  Valv«»lcy  of  PtoodylvaaUt  B.A*,  1948*  4 
'  ■  *     ■  _ 

1943-  ^46:     V.  S*  Axoyi  75rh  Infacery  DivisloD,  EuiOPe«Q  Th«ar«r* 

1946r         Caura  Pour  ErrftDjtT5>  Ualvaralrr  ot  Parla*  Pafla»  France*  rfurea  biotiehs* 

1949-51:     Columbia  UoiTeralty^  H.A*,  1950(  Ph.D.,  1951.    ExperlsMaral  Pa/chologyt 
.  'Phyalology*  Haior  ^rofasaori  C*  H*  Grabaa. 

* 

*f  Eoar^Doctoral  ' 

t. 

John  Slnoo  Gug3eahci£i  F«)lloVi  Departaent  of  Zoology,  Unlv^raicy  of 
!binl«h  and  Kajc  Flanck  laatieue  fuc  VorhaleenaPbyalDloslai  G<:rmaoy» 
1957-^6* 

Vlslrlnft  Scianrlari  Inarlru«>  fot  Fcifcepeloat  Soaarerbargi  !lerherland«i 
($uiai«r).  .E[et|ic»azm  Sel^cndi  Sunmr*  1967. 

'   ^  3«plor  von  Huaboldr  avmrdeoi  Dnlvcraley  of  Fralburgi  Heuroloslacha 

pKllnlkalr  Ab^ellvmg  filr ^^uropttyalolosl^,  1976-77*  1978. 

Dcpmrcnont:  Of  OphrhAlaolog/p  Ublveralry  of  Florida,  Speing  Tcm,  1977. 

EDployp«nti  » 

'  I951-61t     UtkXv^rQloy  of  Vlaeoiaain;  Inartuctot,  51-53;  Aaalaeant  Fifofcaaoti  53-57; 
Aaaoclara  Profe*aot,  57-60;  ptofcaaot,  *0-6i;  Rea«aroh  Aarfoilata, 
Ikpartnent  of  Hevrophyslolog7  >  School  o£  Kttdiclnai  53-56* 

1960-621     InectnaeiOMl  Bualncaa  Haohlnca  Corporaeioa:    Adviao^  Faychologiae, 
Bctheada»  Fcdaral  Syai;eaa  Dlvlaiou;  Kaaagari  Behavior  SclenaiSi 
Bath«a<£«;  Hjae^ar^  Bahavlotal  Roscaroh»  T.  J.  Uataoa  Kes^reh  Cenreri 
'   Vorkrotm  tle^beAi  Hav  Totk*  ^  . 

1962-1        Femifylvaiila  Seara  University,  Profcaaori  1962  -  Evan  Fuah  Profeaaot. 
1977-* 
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Vjbttljift  lfr4Eft««or  of  FtycholoETi  Susnttr  Uottwr^tCST  at 

Hlcblgta,  ikxm  Atbor.    Ucturcri  Oulvcr^lty  of  Mlq^tgU-  £uaur. 
C<mf«rencc  In  EIus*a  Eaglj)««rlogi  196Z^ 

VitltiCL^  Froff«dor  of  ftydiologyi  Suaser  SaaaloHi  M^aachuaatts  ItiatlCute 
'  of  TBchaologji  1963.  ^\ 

VlJltlnft  £el«ntlati  Jap«a^  tJolted  Sta»a-Jim  Coop«Mrlv«  £cteQ» 

miCljig  Frofua^r,  Ualv«r«lty  oE  Plorl<lai  Fayebology  (Sprlog  Tena)  ■  1977. 

Vlsltbift  Sdiol«ri  tlalv«r9lty  of  CUlfomUi  Berkeley,  Oj^toofttty,  19S1, 
1982.  ^ 

1960*74:    Coowltlug  Editor*  JouraAl  of  Eic&grlMnriil  Ffly^hology. 
1964-66:    ConsulClog  Edlror,  Faycholaftl<?al  BullatlA. 

Conaylrlug  MlCofi    SCIEMCEi  1964-,  Bah^vlot^U  R^at^xgh  HftChoug  <nJ  lOftrruaenCarlon* 
1970-J  ConcaaPoriti  Fa2eholagy>  1973-79;  Intetnatiaaal  Jojato*!  ot  Vialon 
R£Bear£h,  1959-65;  19-74-79. 

EdlCorlal  BoskJj    Fsveh^ logical  RMftarcht  (PWAologiJ^he  FoM^hung) .  1965-, 
Farccprion  and  FaVchoPhyalca*  196$~\  ^ 

*  ,      *     ■     '"Covlamwiit  aii(t  FubllcVS«EVl«ft  p 

Consulraati  VatifttAoa  Adamistntloai  19'£9-. 

Meob^r,  Fsjchoblcloay  (Uvlew  Fanel,  tlitlotial  Science  Fouod«Clon,  1962-  * 
65. 

CoaauUanr,  In^tlCutft  Tor  D^CftOse  AaaVses»  1S6A-79. 
ConAulMQtt  E^ttpartnonr  ^f  th«  tnt«rtori  I96S-67. 
I  Consultimti  Utiiv«rfliry  at  Hlchiaaa*  loErared  Phyalts  Latioraroryi  196^68. 

ConaultaaCi  DeparCB«at  of  Pef«ii<«i  1967-. 

Organtteti  tI.A.T<0.  Synpoaiun  on  laa^e  EvaluatioHi  Huntchi  Atfgu^Cf  1969. 
Board  of  5ct«ntlfi£  Affairs,  Aa«HcAn  F^ycholoaieal -Association)'  1967-71. 

.  ,    ■  i 
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EbcPorlMtnCil  F«ythoLoAy  Stud/  Sectloni  HatlOiiaL  iDstltttteft  of  HcaLthi 
1970-74. 


CoQsuLtaoti  tiist^tttt«  for  EavlronsentdL  ^tedlclnel  Natlcki  Ha»9ac!iu9«tta 


1970-75. 


National  Institute  of  H«\tBl  Health  Ee^eacch  Eveliiatloa  te^t;  For^ei 


1972-73. 


HatloDAl  Aeaearch  Cotmcfl  Vision  Comittce.    Hesbec  executive  cotU)clli 
1973-76.    Working  £rouPa  -  VJLstMi  DUpUy«,  Visual  UtU  and  Acuity 
Staodacd*  CChair»aii)i  HlaletdlnS  lafonutloa  la  Hlghc  Vl»utl  APP»>acIiea 
Vision  Teatln^i  Sioulattoa.  0 

Scientific  Awards  Cosiltteei  AE»?4.can  F«ycholoslcal  XasociAtloni  i972~ 
74,  1979-60. 

Co-organlieCi  U^S. 'Japan  (ooPetatlvo  Scltnca  SAalnar  on  Space  antt 
Kotloni  Itonolului  Havalli  1973^ 

Advisory  BoArdi  APPHed  Research  Uboratoryi  1973-76. 
CoDStiltinri  U.  S.  Air  Forcei  1976-S0« 

Sensory  Physiology  and  Ferc«ptlon  PanelfC3u<>nal  Science  Foundattoni 
1979-62* 

Co-orft4nlieti  SfATO  SyoPosluB  on  Hotlon  Perceptloni  Veldhoveni 
ITetherlaada.  19$0. 

Cocmltt««  On  Htiaan  Factors. National  Reaearch  Council  O'orkliis  GrouP  on 
^  Simulation),  1960-. 

Ametlcan  Acidtcv  of  Optonotryi  Roaearch  Study  nnd  Planning  Cottltteei 

Advl«o^  CoiAlttoei  Cenrer  for  HlEh^r  Edticarloni  Pennsylvania  Sratft 
Unlversltyi  1962-. 

Cosaittee  on  Visual  Perfonaanca  and  SaCer^i  V.S.  OJyapic  Consiltcoci 
Sports  Kediclne  Dlvlsloni  196Z-. 

Honorary  and  Ptofesalonal:  ' 

Guggenhela  FelloWi  i957i  Helneaann  StlPendi  I967i  Honorary  Inltiiitei  Tenn  State 
Chapter  of  Phi  Eta  Sl3^>  ^^^^^  AaerUan  Inatltu^a  for  Research  Creative 
DlasertAtlon  Award  In  Expertc«ntal  Paychology  fot  1973  to  advlseei  Robert  ^* 
Jianncssyi  Senior  voti  Husboldt  FelloushlPi  1976i  Center  Cor  Advanced  Study  In  * 
the  Behavioral  ScJLcntea  FellowahlPi  Sotlety  ot  EJcPerla*ntal  Pflyctwloglfltai  I976i 
Evau  FubH  PcoCesaorshlp,  1977i  Coa»oa  Clubi  1977^  Who's  Uho  In  Acectcai  Who*a 
Who  In  the  Wgrldt  Who'a  Who  li^.the  Easct  Who'a  Who  In  Ftontiac  Science  and 
Techoolggyi  Aoertcaa  Hen  and  Vooan  oC  Scl^cei  FeZ  low  U  Acer  lean  Ariagtlak..^..  for 
tha  Advantenent  oC  Sttence,  Ametltan  A^adeey  of  ^tometryi  ttunan  Fattcirs  Socletyi 
Optical  Society  of  Aaarlca.    Kenber,  International  Pcrl&etrlt  Society. 


Foreign  languageirt    Caroan*  F^anch. 
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Mn  WaiJ^ubn.  Thank  you  very  much,  Dr.  Lcibowitz. 
Mr.  AVyutt. 

STATBMBNT  OF  JOB  WYATf,  CHANCBLLOK,  VANDBHBILT  , 
UNIVERSITY 

Mr.  Wyatt.  Thank  you,  Mr.  Chairman,  members  of  the  commit-, 
tee.  I  am  pleased  to  be  here  with  >ou.  Let  me  say  that  I  am  chan-  ' 
cellor  of  Vanderbilt  University,  having  been  installed  two  weeks 
ago.  Before  that  I  spent  10  years  at  Harvard.  While  there  I  was  ap- 
pointed chairman  of  the  advi&ory  committee  to  the  Information, 
Science  and  Technolug>  Divibiun  of  the  Biological  and  Behavioral 
Sciences  at  the  National  Science  Foundation,  and,  before  thatj  was 
chairman  of  the  task  force  that.recommended  its  establishment. 

I  want  to  speak  to  you  briefly  this  morning  about  that  program* 
its  pabt,  and  ita  future.  I  have  written  testimony  that  is  before  you 
and  would  also  like  to  call  >our  attention  to  a  report  produced  late 
in  1982  from  our  division  that  describes  the  state  of  the  reseaich 
prggram.  T^is  report  is  entitled,  ''Research  Opportunities  in  Infor- 
mation Science  and  Technology,  NSF  82-63  " 

I  think  it  is  clear  that  the  investments  of  this  country  in  basic 
research  have  reached  a  watershed  stage  in  terms  of  the  technol- 
ogy that  is  manifesting  itself  from  those  basic  investments.  Unfor- 
tunatelyt  it  is  not  only  this  country  that  is  benefiting  from  that 
technological  waterbhed.  We  face  now  a  real  contest  in  leadership 
between  this  counti>  and  other  developed  countries,  notably  West- 
ern Europe  and  Japan,  particularly  in  the  area  of  information  sci- 
ence and  technology.  In  fact,  the  matter  has  been  characterized  in 
the  title  of  a  recent  book  as  The  Aeal  World  IVor  relating  to  the 
capacity  of  this  Nation  to  make  wise  investments  in  basic  science 
research  and  to  convert  the  discover>  that  results  to  impleuienta- 
ble  technology* 

The  Division  of  Information  Science  and  Technology  at  NSF  was 
established  as  recommended  by  my  task  force  in  1977.  In  1980,  on 
the  recommendation  of  its  advisory  committee,  it  became  a  part  of 
the  Directorate  of  Biological  and  Behavioral  Sciences.  It  has  always 
been  clear  that  there  were  strong  intellectual  ties  between  numer- 
ous other  prugiams  in  the  foundation,  that  is,  mathematical  and 
physical  sciences  as  well  as  engineering.  But  it  appeared  to  the  ad- 
visory committee  that  the  most  fruitful,  new  intellectual  thought 
in  information  science  development  might  relate  to  the  social  and 
b^avioral  sciences  as  well  as  economics* 

This  depended  tv  a  certain  extent  on  the  thought  that  informa- 
tion science  does  reUte  to  the  human  organism,  and  in  order  to  be 
useful  to  human  beingSi  must  be  compatible.  There  is  ar  )ther  di- 
mension. We  nw  believe  that  in  order  to  understand  Letter  certain 
significant  problems  that  face  the  implementation  of  technology, 
we  need  to  know  more  about  how  biological  organisms  work  and 
how  we  might  synthesize  some  of  their  function  in  automata. 

Tl  ere  are  three  park  to  this  program  in  information  science  and 
technology.  One  relates  to  behavioral  science  and  linguistics,  one  to 
economics,  and  information  technology  itself.  There  is  no  way  to 
summari'ze  that  very  quickly. 


 ^  _____ 

The  report  I  have  suggested  be  entered  into  the  record  is,  in  fact^ 
~?n  eloquent  suminur>'.  I  wtm't  tr>'  to  summarize  it  except  to  say 
that  there  has.  been  &t>mL-  dlbcui^bion  abuut  whether  these  programs 
duplicate  the  activities  of  other  parts  of  the  society.  And  one 

 4^bafre  that  continues  to  go  on,  I  thinks  is  whether  information 

technology  research,  computer  science  research,  information  sci- 
ence research,  should  be  done  in  the  Foundation.  Does  it  not  dupli- 
cate the  activities  of  the  private  sector? 

_  My  advisory  committee  convened  a  panel  of  15  thtit  included 
"either  the  chief  research  executive  or  the  chief  executive  officer  of 
private  laboratories  and  Government  laboratories.  For  example,  it 
included  Gordon  Moore,  the  chairman  of  Intel  Corporation;  George 
Heilmeyer,  vice  president  for  corporate  research  and  engineering 
at  Texas  Instruments,  Sam  Morgan,  director  of  computer  science 
research  at  Bell  Laboratories,  and  Robert  Fossum,  the  current  di- 
rector of  ARPA. 

That  panel  concluded  there  v^ere  several  important  research 
problems  that  should  be  addressed  by  NSF  that  miild  not  be  ad- 
dressed by  the  private  sector  for  a  number  of  reasons.  Those  re- 
search problems  are  enumerated  in  this  report.  We^lso  convened  a 
group  of  economists  around  the  notion  of  the  relationship  between 
the  emerging  information  society  and  its  effect  on  the  economics  of 
the  world,  and  particularly  the  United  States.  Our  economy,  of 
course,  is  becoming  more  service  oriented,  as  everyone  knows^^and 
a  large  part  of  that  relates  to  information  as  a  product  and  as  a 
service,  a  section  which  is  becoming  a  larger  part  of  the  economy. 
We  managed  a  conference  of  world  class  economists  on  this  ques- 
tion. Now  v^e  are  funding  several  studies  relating  to  the  economics 
of  information  as  a  product  and  the  relationship  between  informa- 
tion services  and  the  economy.  Some  say  that  the  economic  fore- 
casts that  appear  to  be  so  unreliable  relate  to  two  issues.  One  is  the 
information  industiy  at  work  in  the  world  economy.  The  other  js 
the  inability  of  current  macro  models  to  allow  for  offshore  econom- 
**ic  activities,  often  related  to  technology. 

The  final  research  area  that  I  will  describe  today  relates  to  be- 
havioral sciences  and  its  pobsible  connection  with  information  tech- 
nology. I  might  use  a  very  brief  example  here  of  a  particular  path 
0**  esearch  that  connects  Information  technology  directly  with  be- 
ti^/ioral  sciences.  Categorization  of  information  for  understanding 
by  human  beings  and  use  by  human  beings  is  a  fundamental  prob- 
lem confronting  every  information  processing  system.  Even  the 
most  recent  developments  in  information  storage  and  retrieval^jn 
fact  those  used  by  the  Members  of  the  House  of  Representatives  in 
the  Congress— require  a  good  deal  of  human  assistance  and  a  good 
deal  of  patience  in  order  to  be  able  to  get  much  information  from 
them.  A  major  part  of  that  difficulty  lies  in  the  inability  of  auto- 
mata (machines)  to  do  recognition  and  categorization  of  informa- 
tion. One  of  the  blocking  problems  in  the  field  of  robotics  is  the  rec- 
ognition of  geometric  shapes  without  human  intervention.  We  be- 
lieve there  is  considerable  evidence  to  suggest  there  is  something  to 
learn  from  biological  systems. 

Until  very  recently  it  was  assumed  that  we  had  to  unaei^^and 
the  Jiuman  brain  in  order  to  move  forward.  That  is  indeed  a  formi- 
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dtibU'  piohltiiii*  Aillii>.Ui;Ij_aumL-  proitjfret>ti  i&  being  made,  the  human 
brunt  is  (c>i  ini(la[>ly  (initc  eoinpk'X.  "  ~  — ^    — 

Nuw  we  have  boixiv  vwdi^ncv  frum  r^*y*;iaix;h  projects  that  are 
^eing  c^nductt^d  at  a  variety  ut  places  ubUig  .more-iidniiLiye  forms 
of  biului^iCiil  b>stt*mb  tu  buggebt  that  pig<;onbj  for  example,  and 
uther  niucli  niurt-  bimpl*;^  brains  have  the  capacity  to  do  categoriza- 
tion and  di&crimmatiun  o(  variuUb  kinds  of  shapes  and  to  be  able  to 
^;*;inerah/.*;i  bhapeb.  Fur  ti^xamplo,  pigeonb  can  be  trained  to  recognize 
treeb  in  phulugraphb*  ur  fiah  in  phutugraphs,  or  even  people  in  pho- 
to^iraphb  and  tan  demuiibtrate  an  ability  to  generalize  from  that. 

\W  undefbtand  eiiuugh  abuut  thib  now  to  know  that  the  proposi- 
tion rubtb  un  the  abitit>  uf  the  optit^al  s>stem  and  its  connection  to 
the  brain  io  bummari/.^,  to  simplify,  to  filter,  but  we  simply  do  not 
undefbtand  huw  that  workb.  We  believe  that  by  studying  some  of 
thebe  primitive  bjulugical  urganibmb.  we  can  construct  algorithms 
that  might  alluw  Ub  a  breakthrough  in  some  of  these  fundamental 
prublenib.  Sulutiunb  might  relate  tu  all  abpecl&  of  the  use  of  infor^ 
mation  technulug>  by  humarib.  including  manufacturing  applica- 
tions and  a  variety  of'others. 

Ttio  gtnetalxZed  prublem  ib  tu  understand  how  knowledge  is  rep- 
re.svjdul  in  the  brain  and  if  it  might  similarl>  be  represented  in  a 
machinei  to  understand  the  nature  of  learning,  how  a  biological  or- 
g^mihm  ItMrnb  bimple  thingb  and  perhaps  to  synthesize  that  in  ma- 
chine^  and  undt^rbtand  t}ie  principle  of  selective  omission  of  in- 
furn.  jtioni  a  principle  that  is  clearly  at  work  in  the  act  of  basic  bio- 
logieal  organisms  as  they  categorize  information. 

This,  of  cuur  -  is  just  one  path  of  activity  tha*  '  e  believe  is  im- 
purlant.  1  could  ry  to  bummarize  others.  I  won*t  take  your  time. 
We  have  thv  report  that  I  have  suggested  that  summarizes  that. 
We  havL'  a  furthcoming  repurt  in  preparation  that  will  describe  as 
,nearl>  ab  we  can,  a  whole  spectrum  of  problems  relating  to  infer 
jmatiuri  bLiente  and  tetlinulugj,  communications,  and  engineering 
fruni  a  piurel  convened  buveral  weeks  ago.  The  report  will  present  a 
menu  uf  rebearch  piubleirib  from  all  parts  of  the  National  Science 
Foundation  that  relate  to  this  general  area.  I  would  expect  that  an 
^*ar!y  draft  uf  that  repurt  will  be  presented  soan  to  the  National 
Science  Buard.  1  am  burv  thib  committee  would  be  interested  in  its 
findings. 

I  am  here  both  to  inform  and  to  ask.  In  1977,  my  committee  ar 
ticulated  three  nt'edb.  One  \  ab  the  prugram  in  babic  research  that 
we  think  is  ^'oing  quite  well.  The  becond  was  a  mechanism  to  as- 
bemble  factb  and  anulvses  so  that  policymakers  and  other  users  of 
information  could  reach  informed  judgments  about  issues  affecting 
bCtentific  and  technical  information.  Third  was  a  program  to  en- 
courage training  of  bcientibts  and  nonbcientists  in  the  use  of  science 
information  systems. 

The  budget  v^e  recommended  for  the  first  full  year  tli)7S)  was  $11 
million.  The  actual  funding  for  the  division  in  1978  and  over  all  the 
years  since  has  been  about  half  that.  The  high  occurred  in  fiscal 
year  1381  at  $5.0  million.  This  year's  level  is  $5.4  million.  During 
that  time,  the  re&earch  tjtaff  of  this  division  has  been  reduced  by 
over  une-third,  from  \o  to  9  at  present.  Meanwhile,  the  proposal 
fluw  hab  increased  bteadil>  with  proposal  quality  improving  quite 
rapidl>  in  theae  three  Babic  areas.  It  is  very  clear  that  these  trends 
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are  moving  in  upJ>u^iU*  diretliufits.  In  fact,  we  are  not  going  to  be 
able  to  i^ustain  thy  growth  or  continuti^ly  inipro\L:^_the_(LU^Jit>_aL 
this  level  of  funding. 

It  is  basic  to  our  belief  in  the  re&earch  future  of  this  country  that 
wo  sitni)'>  have  to  make  aft  investment  in  these  fundamental  re- 
Sfurt'h  areatj  that  connect  tu  the  behaviural  i>t;j^:*nces  and  also  con- 
nect to  the  computer  bcience^  ut  v^v  utherwitse  will  fall  behind  in  an 
activity  that  I  think  ib  correctly  chaiacteri/ed  the  real  world 
wan 

Thank  you  very  much.  ^  ' 

[The  prepared  statement  of  Mr,  Wyatt,  plu&  Re&yarch  Opportuni- 
ties in  Information  Science  and  Technology  Report,  follow,] 


half  vt^nliir>  have  altered  tho  i.;jtanje  uod  ^ualit^  of  human  life  (itr  mtiht  of  the 
_wor[(J  Durjn*:  yur  o^Mi  !jfuljrtiu^  the  l0Lhnulog>  fv^ulting  frum  the  wutor&hvd  of  bCi- 
eiililK  tfii>H;over\  etiabled  hy  these  ^nvt'^tmentb  placed  Amenca  in  a  position  o(  Iwid- 
crship  in  tlu*  A^orld,  a  f>o*>Ltion  ih^t  ha^  br  ught  pr4^p<;rit>  U>  cn4j*>t  Amerkatib  and  a 
roal  s^nhi  ^(  rii&iHjn Sibil it>  fi^r  iha  wurld  bej^^ml  Luir  borders,  wen  for  ihe  universe 
bewnd  our  cu.smiv  byundaries.  \\\  h^ve  devel^>pt'd  the  *^jja*,it>  in  U,*vhnolog>  to  pro- 
vide thu  wurld  ^dh  food  <:fip4JLit>  wht^h  ^.onlinue  to  vfint^.  We  have  bhown 
tile  wurld  the  wa>  tu  industnobfcition  iMih  m^Lhiucry  that  mai;ntr(e&  and  quickens 
the  produvt^vt  capacit>  uf  human  muffle.  Wc  have  invented  ftnd  arc  implem^nhn^ 
additional  teehuolo^je;^,  ^-Kvtr^riiv,  ^tolo^k<.al  and  olh^rs  thai  promi^  ne^^  IvvtTage 
foi  the  human  niind  anJ  it^  bivlo^Kal  nuppert  s>btem.  In  doin^  all  thib,  we  bove 
bi^come  tht  prinH.i|Ail  rehear*, ht;r  fvr  ihv  vtorld,  tontmutillj  pushinij  fonvard  ihe 
frontiers  of  knowlt^dK*^  s:Bot  we  ±vLareel>  bave  to  lurn  the  page  of.a  ne^^i}puper  or 
glimpse  a  .-^t^^nit^nt  of  television  NeMf^  ^dhout  bteing  defiitttivv  evidence  ihi^t  our  po- 
i^Mti  of  world  econ<>mi^  Wtidvrt>hip  beiAinimg  precftrtoob,  lhat  we  arc  in  danger  uf 
lof^mt;  urbat  hab  been  chtiractert^t'd  m  the  title  of  a  reu^nt  book      "the  real  v^orkl 


Contemporaiv  mformM*or*  let,hnolug>,  it^lf  feprcbentaliv^j  of  ti  ^vater&hed  of  onee 
seemin|^!>  atirclated  ^ientific  J^svover^  o^vr  the  piibt  few  >eor&r  pl^>b  a  ^rdical  role 
in  the  development  of  the  nf*y^  ^ieuce  and  new  technolo^^i  thai  t^htiractert^'  this 
"vrar"  Iti  a  forthcoming  rep<>rt  to  the  National  Svien^'^  Board,  ^ome  new  penipec- 
liws  un  ihe  research  agenda  for  all  program^  relating  to  information  technology  Jn 
thv  National  Science  Found.ition  WiU  bo  presented  along  v^iih  ^ome  organi/ational 
con Jdc rations  One  piirl  of  this  report  ^ill  doal  wdh  infornialton  science^  a  relaUvv- 
1>  ne^v  diMrip!tne  ^hich  ha^  natural  [fOinXii  of  contai '  M^Uh  othvr  disciplines  buch  ab 
Computer  science,  engtijceriogF  the  cuynitue  ^cle'hcc^^,  and  thohe  ]/arts  of  the  social 
^clenct^  lhat  ure  concerned  with  informahon  processSitt^  b>j>tenis.  As  a  conj>viiuencer 
rosjearch  ir  information  scivu^^  and  mformalion  technology  buo  blrun^  *nterdi!jci 
ptinory  ties  to  these  fields. 

The  Division  of  InformiUion  Sc*en*-e  jnd  Techrtolot'y  iISTj  is  o  ruluitvd^  new  re- 
M'^^rch  pro);ram  established  by  tbt^  Foundatton  on  Ihe  basti^  of  a  ^K^t  of  recommenda 
lionb  from  an  mierdi^ciphnar^  Task  Force  apfx>inted  m  l^TT.  In  lOhOt  on  the  recom- 
mendation of  its  Adviwr>  Commateei  tbe  Division  of  Information  Sctence  and  Tech- 
nology became  a  part  cif  tliv  Directorate  of  Diologiuil  and  Dehavttjral  Sciences.  Al 
though  it  ha±»  aUa>ii  been  dear  that  tht^re  wi^re  £>trong  mtvlleuual  relationships 
with  numerous  other  program^}  iU  the  Foundatio^r  incloding  Ihe  matbemalical  and 
physiui]  sciencesi  well  a^  ongineetingr  d  appeared  that  the  most  fruitful  nvu 
thougbt  111  informatioii  ^lence  inight  relate  to  the  social  and  behavioral  sciences  ab 
well  as  economicb^  To  a  very  ffreal  extent  that  has  been  true.  In  1082,  (,he  Found^ti- 
tion  publii>hed<  in  a  single  report,  the  findings  <*(  three  panelb  con'^enc^d  to  ex^tmine 
research  opportunitiesi  and  pro^^re^K?  jn  information  science  Jnd  technology  iNSF  b2^ 


The  report  is  a  useful  i$ummar>  of  the  inlellectual  activitv  -Ihe  research  prob- 
lemb*-  that  characterize  wurk  in  three  ureas  connected  to  mformalion  ^cientx;.  Be 
havioral  Science  and  JLm^aiMics,  Ecofit^imcs,  and  Informattor  Tcvhn«logy  itself.  No 
ifinfjie  report  eoold  ^ive  a  compU-te  rv\  wyt  of  thcM;  fields  and  T  do  not  wjsh  to  Min 


er,  like  to  describe  the  framework  in  which  the  re^fort^  weu^develoiM.'d  and  give  one 
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jliuMr^i^tuti  Fjr^Mhi'H  ^ti^  llu  [i>thjtlK-bj:>  thtil  uLIkt  rv^t^tirch  programs^  iticludin^; 
the  prAdtc  M.'ttur.  ^c^rt'  (iddrt'^niiiti  thtr  prubk'm:>  jdvniifLfd.  Pfrlup^  tlio  ;irc^  mos( 
cumiuvtulv  tti^cd  v^iih  i\u>  h>(iulJif:>ib  ^  rc:>t^4irth  in  iiLfurnidtMh  tv^htiat^)^  To  nd- 

;!>tMr<.h  cX(^,utiV4;  ur  ihv  i^hiuftrxecuUve  privalu  and  ^ovvrnmcnl  research  InborOla 
rji*&  Fvr  eXiim^W.  tht-  pant-J  iJKliidc*d  Gurdun  Muuft-.  Chjjrmun  of  Intel  Corpor^illon, 

.   i.kurtii'  Ik-ilmtAt-r.         Prt'&jdt-nl  fui  CurtH*raU*  llvMr.irth.  Devvlopmcnl  ano  En^fi 

nt't^nij^  (il  TtMiist  Ti^:>lr<imt'n[^  Sjiii  Mong»^n,  Dirv^Wi  uf  CumputtT  bc^eno;  ilGbL^tjtcli 
4ii  iiit^  Bl-JI  Laboratvrjfb  and  Rubcrt  Fut>buni.  Dirt^lur  ufAKPAs  Thf  pdnct  ooncludvd 
th<xi  t^ffv  t^(.'re  :>t'it'r(il  iiTit>vrUinc  tffi:>^t  rfM^Mrch  prubk'ni:>  that  w^rc  not  Ijkk.l>  to 
bf  (iddix'Siit.'d  by  iUv  prwMv  M\,ioT  iind  that  :>hould  ht:  ^n^^MeT^:d  by  N5F  Tho 
ru|K>rL  <tc:>(.rLU'b  ihtr  i^rutjleiu^  and  the  ratiunak-  for  tht-jr  vxi^tt'iK-'O.  A  p^m^i  of  fif- 
t^n  fuununii^l^^  al?^  uf  iritt-rnutj^iia]  :>tiituri.^  fruiij  the  privtitf  i^t^tor  jitd  higher 
odituUion.  uorv  <.unvfnt-d  and  ^  ^.unffivnco  oltimatfl>  held  for  the  purt>osc  of  dis- 
(.iiN>iii^  ix'bf^dn.h  prubk'm:>  at  the  jntfr^cctiun  uft-wtRmjCb  and  ijifurination  :>cionc« 
Thfir  n?|iori  di&i.uiJiv&  a^et  uf  i>vvt;ral  important  probkms  that  ini^Iudf  iiut?stions 
tun^frnin^f  the  ^untnbution  ul  mformatiun  a?  ti  prudu^t  in  the-  uorld  econoii^  and 
tne  ufffcL;  ul  iiifuriuaijuii  uii  pruduetivit^  iii  tcrmb  of  Gro^  National  Product,  to 
mt-ntion  uiil>  iv^u  aniun^  fnan>.  TKo  third  ro^hjrt  prudui^cU  b>  a  pan^l  ofcl^on  sum- 
mafi/o:>  ruboarth  i»>aob  at  iho  jn^erhtxtiun  of  bL-ltavjural  and  informatiun  scjquco  ^ 
Perhaf^  ono  dlu^trattoii  from  this  area  ^ould  bo  useful  to  the  Committee. 
—  -Lalo>:ur;i^ation- uf  infurmatiun  fui  tumprohon:>iuji  and  u^c  a  fundatnental  proh- 
\t.-ia  that  controtiib  all  mfurmaliuu  prucuabint^  b>:>lom:>.  The  most  recent  -Jovetop- 
nuiiU  in  \oitipuU'r-ba!»i'd  :>>bton)b  fur  mfurnuitiui^  :>torago  and  rctrio\al  roquiro  con 
:>tdvrablc'  hunittn  (ibbi^Canec  Mnd  p^iljenct-^  tu  ri>cogni/o  pattorn^^  in  of  informa 
injii.  The  rotui^najMii  ano  talogoMMliun  of  **jmpW  goometrjt  :>hapeb  \\jthout  human 
lnlt■r^f.-(ttton  i:>  a  fundamonlfil  kmitaiion  in  the  fi^ld  of  rgboltcb,  for  example  We 
s^ern  to  hnvv  nuich  to  leiirn  from  bioloj;lcal  systems. 

Summarizing  roconl  dt-vc4upmont:>  jn  uj^nitive  t?b>i.  iul^^>.  a  Nt^  York  Times  sci- 
viKv  ftntcr  t'i.hot'd  the  atUtude  he  must  have  heard  lu  many  iniorviows  *'\Ve 
human  bojng^  .  .  ^iro  concept-makmf^  treatur«:>.  Unl^kt  an>  other  animal,  we 
havt^  a-/ialural. abiit>  lo .^jroop  ghjottb  or  evoni*  to(fe(her  into  cate/jories"*  fNew 
York  Times  Majia/jne.  .January  24.  In  fact,  hov^ever,  recent  evidence  jndicnies 

thai,  at  ]ea:>t  under  M^me  LondilLon:>.  uitegurjjCdlion  prjiKiple:>  <.mplo>ed  b>  animals 
are  vjrtuall>  ab  in:ycrutiible  and  <;ompkx  ab  thobe  u:>t'd  by  huinar  bcin^b  Plgootls. 
for  exampkv  have  boon  trajned  lo  bort  throiifiJi  photographs  Li^jkin*?  for  instances  of ._ 
buch  onte^uries  ab  (jeopk-  in  general  ur  an  individual  {H;rM>n.  trceb^  bodies  of  watert 
fish,  lettorb  of  the  alphabet,  vak  leu' <rb,  and  various  re^^lar  geometrical  figures, 
buth  as  tnangk'b  ui  di^munds.  Iri  these  ^tudJe^l  the  cate^uri/Aitiuns  jn  question  have 
pkLbbvd  the  te^t  fur  ^cneralit>  vi^jlh  new  stimoli.  Thai  is  to  £>a>.  after  a  pigeon  has 
j[-arnud  tO  dibtinguish  b(^tv^e(?n  a  ^iven  bol  uf  phutu^raphb  tuniainin^  trees  from  otit^ 
not  tontainin^  tr<;cs.  ji  can  be  tested  \Mt\i  different  photographs,  to  see  jf  the  pi- 
^^eon'b  pniiciple  uf  c*U04yur(/4ition  ^ener  Ji/L*b  to  neu  in&tancei^,  as  it  must  if  it  is_  at 
nil  c'ompurablo  to  ihubo  uf  human  caleguri^at^ons  Some  de^rc^'e  of  gone ralii^^t ion 
was  demonstrated  by  mu^l  subjc<:tb^  in  each  stud>^  rf^en  a  high  degree  by  ntl  sub- 
jectbs  Under^^tanding  this  capability  may  provide  clues  tu  the  :>imulalion  of  coj;nition 
by  machines. 

As  lun^  4ts  It  seomed  thai  human  ctite^ori/^lions  ure  uniqaely  complex,  then  the 
inability  to  sonulaie  theni  ^eomed  rvadily  explainable  as  a  corollary  of  the  sheer 
complexity  of  the  human  brain,  vtith  itb^  10^''  nt'uruns  eo^h  uith  multiple  connec- 
tions.  The  bttuaiion  alters  rad^aily.  huwevc^r.  in  li^^hl  uf  the  discovery  that  animals 
with  retolivc-ly  small  ond  Mmple  brains,  sOth  Ob  birds.  albO  perform  these  complex 
Cfitegori Zillions,  and  thai  they  do  so  appaa^iitly  with  no  grenter  difHcutiy  than 
human  bcinii^s  do. 

The  exibtence  of  cumplex^  mullidimensional  categorization  by  relatively  simple  or 
^anis*3ins  implies  that  evuluiionary  protobbcs  have  dibCovered  and  Implemented  non 
invial  algorilhmb  far  beyond  any  existing  theur^r  in  inforniaUdn  iJCienw?.  let  alone- 
its  implomcnt^tton.  It^earch  along  thib  line  mi^ht.  to  be^^in  with,  search  for  thc- 
lowei^i  bn^Cgicoi  level  at  uhith  present  information  science  loses  it^*  ability  lo  ac- 
coant  for4hc  observed  cotegori/jitiun.  Al  thti.  t>oint,  there  may  be  0  reasonable  ex- 
pectation of  discuvcrjng  ii  biolugical  solution  to  a  complex  classification  task  If 
those  biMlogJcat  wUiiuns  ^.an  be  understood  in  algorithmic  torm^  clu<*s  may  follow 
to  ihe  architc*clure  uf  highly  parallel  infurmalion  procebbing  machines  and  the 
structure  of  what  bome  hiive  called  ihc  "biochip."  This  illustration  relates  to  n 
^  larger  set  uf  fundamental  research  prubli^nib  in  information  science  lhal  include  the 
following: 
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1.  Under^UndHitt  hit^  tt  tt^wk^xlKU  ih  rcprcscnUM)  in  the  br^iin  and  how  it  could  be 
r^presente<)  in  a  jiinchiiiet  ui>d  Mic^  collnteral  questions  of 

How  infurm^itjon  provided  by  the  tfvnsor^  6>t>teinis  ii>  converted  into  the  jihstrnct 
forms  urhich  the  brain  actually  useSr  find 

The  extent  tu  vthjch  artifiuall>  constructed  information  beaniig  forms  of  commu 

  nMi  -«^uUi a^Llanguag^j  mathematics,  and  music>  reflet  the  jnternat  and  struc 

ture     knowledge  and  the  (mental  or  macHTnc)' means  for  emplovin^  them, 

2.  Undenjtandint^  the  noture  of  learning,  with  particular  empliasb  upon  the  rela 
_.tJOD!»lHp  between  the  properties  of  the  information  to  be  learned  and  the  internal 

state  of  the  learner,  Tma  xnJudes  ti  ch^iractenzation  of  the  knowled{^  base  require- 
ments of  the  vmental  or  machines  learner  and  procc^mg  rules  as  a  function  of  the 
knowledge  being  acquired,  . 

3.  Understandm^  tho  principle  of  i>clective  omibbion  of  information,  ana  its  limita 
tion^.  This  principle  js  dt  worii  m  all  biological  information  processing  systems.  The 
sensory  o,*^ans  simpljfy  and  oi^ani^e  their  inputs,  supplying  the  higher  processing 
centers  with  aggregated  furms  of  information  which  to  a  considerable  extent  prede 
termine  the  patterned  structures  whjch  the  higher  centers  can  detect  The  higher 
centers  in  their  turn  reduce  the  quantity  of  information  which  will  be  processed  at 
later  stages  by  further  organisation  of  the  partly  processed  information  into  more 
abstract  and  universal  forms  so  that  the  representatives  of  inputs  to  different  senso- 
ry organs  can  be  mixed  With  eafh  other  and  with  internally  generated  and  symbolic 
infcrmation-bearmg  entitit^s.  This  principle  also  governs  the  creation  of  "abstracts" 
nnd  "indexes**  of  text  information  and  it  will  surely  play  aa  important  role  in  robo- 
tics and  iirartiflcial  intelligence  applications^™-  -  -  .  _  . 

Nontrivml  powers  of  categorization  ia  subhuman  animals,  like  the  pigeons  in  the 
illustration,  provide  a  rare  opportunity  for  research  mto  the  general  problem  that 
supplements  traditional  computer  scienc.  approaches  in  a  powerful  way. 

This  illustrative  path  of  research  inquiry  is  only  one  ofa  number  m  paths  in  in* 
formation  science  resean;;h  that  link  to  other  disciplines,  in  this  particalar  case,  the 
behavorial  sciences.  Suffice  it  to  say  that  there  are  numerous  other  illustrations 
that  further  characterize  the  depth  and  breadth  of  the  l^eldi  its  interdisciplinary 
nature^  and  the  potential  benefit  of  its  research  findings,  I  believe  you  would  find 
the  cited  report  both  interesting. and  enlightening..!  expect  that  you  will  find  the 
more  comprehensive  forthcoming  report  on  research  in  atl  areas  relating  io  infor- 
mation technology  at  NSF  even  more  interesting  and  enlightening  It  is  dear  to 
those  of  us  that  have  examined  the  question  closely  that  the  interdisciplinary 
unions  fostered  by  this  new  research  program  are  in  fact  prodncing  new  threads  of 
re$ean;;h  and  discover^  that  are  likely  to  Improve  the  understanding  of  the  relation- 
ship between  human  thought  processes  and  technological  information  processes. 

My  purpose  here  today  iS  both  to  inform  and  to  ask  for  consideration  on  behalf  of 
information  science  research.  As  a  prelude  to  the  latten  it  is  useful  to  nnderstand 
some  of  the  history  of  the  Division  of  Information  Science  and  Technology.  The 
report  to  the  Director  in  1D77  which  recommended  the  formation  of  1ST  articulated 
three  needs: 

1,  A  new  program  to  support  research  in  Information  Science  and  its  research  ap- " 
Plication; 

2,  A  mechani!$m  to  assemble  the  facts  and  analysis  so  that  policymakers  can  make 
informed  jud^ment$  about  natural  issues  alfectirig  scientific  and  technical  informa 
tion, 

3,  A  program  to  encourage  the  training  of  scientists  and  non-scientists  Jn  the  use 
of  science  information  systems  operated  by  the  public  and  private  sectors 

r  The  budget  recommended  for  the  first  need,  research  in  Information  Science  and 
its  research  applications,  was  $11  Million,  Actual  funding  for  the  Division  during  its 
nve*year  history  has  been  about  half  that— the  high  occurred  in  fiscal  year  1981  at 
S5,&  Millionj  this  year  s  level  is  $5.4  Millbn,  The  research  staff  of  the  Division  has 
been  reduced  by  over  one-third  during  the  past  fonr  years.  Proposal  How  has  in* 
creased  steadily  with  proposal  quality  improving  rapJdIy  in  the  three  basic  rese  ch 
program  areas*  However,  because  of  the  low  fnnding  levels  research  applications  In 
information  science  and  proposals  that  require  instrumentation  or  the  development 
^  of  sizable  prototypes  are  not  fundable.  The  Division  is  accomplishing  the  intellectual 
goals  of  interdisciplinary  activity  thnt  were  envisioned  by  those  who  recommended 
them.  It  is  clear  from  the  recent  review  with  all  of  tha  research  programs  at  NSF 
relatii^  to  information  technolo^  that  the  IST  program  is  a  viable  and  'mportant 
part  of  the  research  spectrum  if  the  United  States  is  to  r<^uvinate  its  position  of 
international  leadership^  a  position  that  now  fnces  serious  challenge 
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PREFACE 


Livutji^k.  4inp4^rt  mi  k^r  ttic  L>HVi^iirn  intomKlj^tn  SlKO^? 
fifiTit^  "5  (hf«  >]^viJl    lurking  ^hik.h  *t«  vtjn- 

M»,Tti  L^TmfniTVC   i        **f\'iJ[*  A3v  tMr^ioi  ui  idcitid> 

>^Mir:t^yr>(tiSv  \v'Cnt(--  ^*'"H'UlM  ^tlTii^t.  ^Tfld  liii* v;  (^J^t v 

frpt^ri^pi^mdo  J  rc^f^'t]<4'ii^  ind  hfi'^o  jiJtff^d  ^i^fMcVi 

iMfi^  lfl^^^'■^^[^^  i^ini^rcLjjciTU  iiJi^hdi'*[n|;u<''h  lUihtfoT  iHv 

In  fl|  ri^pcvi^  thtf'Hf  rtfpoiu  rff rf^^r>i  sin  ju^pit.itL>uv 
[i^^tnnjrt^^— si  J<H^ndJii<^  <'n  ^Jic^h  Lin      hkiiTf  rc-^  n^h 

f^^c trtli  i^crdithif  i^rj-vh  lA^^^inTfUl  Jhd  Jf^tfMtv 
iKv  ji^^iTivi  Tnd  ihv  r,:if  wiTl>  fiflit  mnjtf^r  iTnJjuPiHiirt 
KTllTlik!  l^tL  ph[^ilL'n^f  n.i      ICitriMlH^  in  J  rticliior^  IeS  jfjllii 

ftmjT  fniJcU'l^'I*  thtb>J^  rtiih  r^^pc^l  'o  IhC  Jftl  Ai'-\f 
/c*^^ir^^r  ;o^{4jr/^  r<HuriJ  fr>  <<v-vit  Lir  Ti^Tc  rritt^rr^.^  t.i'^'.  n 


mj^isf  jfid  ^u^siiie  in  ii)    jtrntnl     the  iff^^ivh  i^iii 
i^t  b^peis^in  jnd  f  i^fri  lA  difi'dffni  ih^>i.  but  jmportJcitl> 
J.Jsh_^.'i'lt"ijJ  Kfiov'  ^Jyjitfd  lis  o*n  procedure  for 

viiLT  jiid  Lv^'H^'m^vt  ^ijtkmj;  Ciruup  tbiireJ  b)  Iconid 
>tui4Kv  >ek.fu^  fnffUngk  jnd  M^fidu^Ted  J  lA^nkittOf 
ji  ^^f^^rl*fln^l^^  I  r4^vtMi>  Ihe  \^*Jflin^  Group  *n  In 
^uiniJii^in  lv>\h'^^'k')C>  vi^  ih^iifd  b)  P>iUl  SLrJ^^rttdtin  jnd 
Ku.^rd  IjTinikd  v^n^fRfd  ji»  ntfmba^  it  thu  Sjtiojur 
\(^^ni^      Skifnvf)  sifTil  uib4q4Jfnt1>  conducted  »ttiJll 

^*^i<u^^<M  f)^hsi^4vrjl  Jfid  [mguhiK  Rcxfjfk.h  B?Jrmgo/i 
iMJ^']'iij44Mi}  ^  'vn^t  vo-khjiitd  K  Dtincjti  l.thc  jnd  iojti 

jfid  ^\H!i^hjpv^>T(,  D<  41^  If  pud  «jiv|nw<J  tu  n>Jf^(^>ct^tf^ 
Ihs  pjriuirjiii<4  m  v4yh  *'f  iht  \^0rVujj5  <jrwup*  rtpre 
i^nicd  J  bi^yjiS  V  K^H-H-stclion  dMir^j^m^hcd  rtf*tirihej^ 
jnd  £v^?ji  d(t?ki^ii  ^  fr4>m  huiLiiov,  ^4>iftiinie<^U  jnd 
Ihn  H{i^f1>  >rl  siilL  thift  Crioufi  u<«  Viidfl> 
rfj^  IT]  liisiL}  l.rrin  ,ind  h^^i:  thv  henefii  ot  tOfi^'JfrJibfe 
jU^f^v  j[<im  1  hr^Mil  ^^jfi^ULucnv;^  ^  mlfic^  It  3lKjd> 

iJisripliHTT.ihJtihf  4nMlcUUJLuJianfcrv^ler?d 

tht  opinionv  eii^re^MfJ  i^L^  i<i[um?  ire  tfio^  of  Ihe 
loLhi.T^^  Okv  ^b*^'Li3il  K  licked  J  ifp/e^ntJUon  oi 
[K  i  vlJ  hj^  Kv'o  ^i^vfj  Jilt  Minul  en J^H^cmenl  M 
ij^  rr^mha^  iiur  Kpri-^n^FEi^  ihc  pi^kv  oi  poMlji>n  of 
■  Cl'^lhulivc     ihv  Si^iortjl  $k.iCfKe  I  oundj- 

ih<  ^^i>rktii^  ^rri'upv  ihf  ih^iUgbif^jl  ind  ^liMiubunj^ 
v^'i^T^r.i  *j(  ttic  ftport^  ihem-HchtT  tifiei  j^wrjfiv*  ilu*  thi> 
>^r]4jn]^-  Adl<j]iC'  fni^h^^'l  situvioLhf  r^d  H^o^eirtt?rf>t^ 
iiv  "]  pi>iivt,  ^h'h  ihi  Mititd        il  |wc^e(irv  of 

irtlvjm^iiim  jnJ     re^vj^h  opp*iyliittuit>  « f|I  Jtl 

Iht!  itwfiifH/'Hhip^  »\  ihe    oiihin^  <ii\Tup*      l^^ftl  on 

fiK  lhf  ^-\p^k^^  if^  tpprc%uLrL|./)  Ill  itt  jlivrn  li^t  thv» 
f-iluibW  ^unLiihutii^n  III  i^hith  I  ^'^h  \n  jdd  m>  pcf  ^oniT 
}j/  juiuilc  J"i  ihcir  HiHiHijnfv^  hi  A-^M  ihe  ^d^^^^TI^  C'^im 

illv'  <JtiMips  iiiti  LiL  v^f<U^^  iFul  ^i>irti  ^J-.i1imd?  W  Uiff^lfi] 

K^vi|t.,U  iiF^i  J)jFvMLirj>f  thu  [Xi^^Hin  oT  tiifoimjlion 
 TiiMiJ'^n  Ah'^h  hj^  bvTF^iiud  ]i|  .rj  u\ 

tfi{rfrtHi3tUt/J  Silffli^iiuJ  tfKhr{!t&f(\ 
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flntu>Mt>n.^vL^<'^<^^  memory*      the  liVc 
Ike  Jii^  j^^^'^^^  ^  ticeftv  alien  jppe  jr  vt  he  more  tu  b^ic 

lltJti  C(tni^ci|H>r^r>  drttfhiil  \V(teinf^  it  ii  of  much  micre^t 

t1f!irafT  i^d-l^  niiT'-ibiilit>  it<^e\.^j£(i4/e  ill  H>rU  ul 

4c  di>  noi  miiler^t^nd^  Uih'c  ihe  <7i^>logitJil  iir.iic^te> 
die  tltMp-^ivcied.  vMit  itnpj4,i  v^iltt^ey  ji^^cun  mlirrinjiiMii 

nijhi— ^e  UT^let>tjnd  M>metbm;     ho^  lurdt 
poutr  iticir  fli^hi.  it    unlikel>  ihJi  t^if^  tcvtinNuc^  v^ilL 
-  ^er  ^iiiiipcte  ujth  jct  eciem^i  ^a.  perhaps*  i^rc  jfc 

«4tfii(  <hltcient  frvfn  jn>  thji  hi^e  heen  ibouMtii     (i  ui.. 
ihin  vkheii  4he^c  (tnntipltk.  ^rc  elucid^^ed  jnd  *^\\  in  Jb 
fotta  riiev       /iJ*e  im^ort^m  ftjjdu.nc  jitd^w 

[k4»ihU  readied  lo  limit jtiiin>  in  itat  hr.iin»  Kthai  mJn> 
Jhi  ttrjtnt  tpci^ijt  puepcsc  de^hc^  ^Ppcjt  luJ^  it^^  - 


olh^rt  bdd)^  lor  cidnlpfe,.  there  u  d  crrUm  jniouni 
eudencT  thtldren  ^iih  d>^lcxu  arc  fcnurkibt^  ^ocd 
jt  ^rijin  kti>tl)  o1  ki\uj1.^jtjtij1  tatk\  and  titjf,  ttijny  of 
them  diiH  MdM  fhii  ntj)  be  leljied  to  ttttidvi  ilt^t 
jfj^tKrjJ  dciuic^  jntt  htimjn  t^m^^t  ofnn  dttltt  m  v.hAl 
ih?v  bcvt  vtK^vrU^mj;  \uni(tmeit(tU>  a  dit 
fcKn*  rrorti  hiiindiiv  m  j>jiL.(>cvdUW  ihc>  vjn*  tn  fjcu  tlo 
\eriJim  iliinti^  ihJi  iti?  hunun  bci^  \jni^oi  do.  Hi4,h  d\ 
mdke  ni^ire  \jkuljiion&  vi  ihe  ofe^tt  <>1  fnntibk  ai^^^c,^ 
lL4Me\ni  the  ^^oinpuierv  ic^m.  >eu  n^ii  ii>  lei^tond  t^i  or 
to  cv^iiujie  ftioie  ^l^^bil  -ijpeet^  ol  poiinon^  on  JMyy 
b^^rdr  J  bunion  jt>illl>  perhaPi  ^t;it)  to  the  iJcniitk^tiuii 
^il  ^itiitdl  \  Jle£Mri7\  di^n^jcd  b^\ow  m 

^^hJl  tollow^  pon^bie  otiUine  of  tmJiet  dite\.ied 
ji  the  scverj^  jipecUoJ  m^tirmjlKin  Prote»^>gm6^]^fgf('4rl 
^)>ieini  Tltc  (untpki  ire  illuttrjiueb  tiol  c^tintumve*  dnd 
loau(nccxiehuclle\.tthe^dtkgt<>iin(ko1  the  juitioiv '  Tht 

wnmuffn  W  tnltftni^Xion*  JnJ  J'ri'Kfp/ri  t*f  ittipttmrntatien 
the  rgpre^enUiion  probleith  ^ubdt^iilet  jmo  «(ticsuon> 
iiboui  the  ^jiuie  ot  ih«  fepRM:rtliilionv  i^cir  vtorj^  .ifid 
riciri'cvdL  iheir  vmttrol  ot  teh^viorr  jnd  ihof  (x^mcpuniuiion 


THE  REPRESENTATIONS  OF  INFORMATION 

Hfttu  r«  oM  h  0  Sen  tory  CodA 

One  Mrikingliftdir^  ii/pvrLpher^lcieurat  ph>&iolog>  md 
r^j^b^'phj^i^^  n  iKe  ^nnplex.  scumhlmg  nature  of 
^eil>or>  u.insduh4iv>ii  (i  i^  iM>nJinedr  4ith  a  ^en^emce. 
iLtn>^^rmM]£  hIiji  jimHtOi  lo  toiMiououj  fflf^ttt  lOi^  iiif 
LhiHi^,  proi^Kb— neuul  pulK  ^tdim  ^nd  oti^  I  et/jni- 
dihiikui  n  \onipkted.  the  re^oded  inforFRdiion  tendv  10 
spread  mv  vdiiou^  neural  tir4,uil&  Drhi^fejim^r4mpleiit>' 
T^u  thing\  jRn;  ^o  he  4,lejr  ( ^nu  not  jIL  of  the  afisdticed 
jnUtTjifduLtrt  1^  ittended  ^o  b^  the  timber  pro«i»r)igten1e/t 
^^indt  iheiedppcjr  lo  tfc  huiU-m  vlrii(,tute\  itiJi  nuVc  tbc 
vcmiUve  W  unii|ue  4,onfi|urjlioa»  of  ttimufahon 
\\  M  eidmpk^  (,liinipjn^«t  Wrn  JttJ  rjiKd  in  \^aptait> 
Jre  lii^htened  h^  \eiini^n  it^nluti.  tuth  a&  in^kn  ot  div 
mettihtTtfd  vitih  rihi^h  lhe>  jr  tfrrfjmiJMf  *  Sveh 

^orkcdit  and  should  hejLpproj<hcdoflb0ihaph>woKiftnJdl 
ltd  .1  hchdviorjl  level  ri^  Ijtier  a  et^nti^l  (he  Jicurjl 
*imn^  fS.  Tji  4^>i>  templet  for  tt&^o  havi  any  hope  olmiJer 
Udiidin(^i1  AJihouUjibei  fiRvisi  ml^^itn^ltonabQu^the^e 
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litform«tlon  Ov«i(ud  «nd  Att«ii(lon 

jui  of£4niini  ^hdfl  ^^^^  Li4(iidu%cd.  4M  Tai-  J«i  >H[tiori  «i 
Ltinidu^cd  ihtn  n  iM4  or  iiored  Uo^  do  *i  and  oihii 
ur£4Aiin»  niiR^  4Uifid    ^nd  Mle^Uvcijf  lu^rv  inl^ftnLiiiijn'^ 

in^urmauon       at  the  ei^nic  vt  iniiiim4L      m  eiiorr 

^nd  Id  4gm^''  One  mkmi  ilui  iK^h  ihe  b«Kiniim^  ^nd  dt 
4he  end  uri^re  lituKigiut  f)blcitu  are  k)i  4bl«  deal  ^iih 
ftiuiv^pJe  fowm  [tio^idini  Kk^'h  ;4i«i  ot  jnfotni^uon  ihdn 
i^Jkh  ihe>  ^re  fu^b*   jWre  bui  not  jfci  old 

A  fKji^cjiorihe  Aotk  %orrentl>  ^Usi<6M  \4«niL^e 
pi.)%ttolo£>  '  t-^  ^un^ernid     une  hj)  or  JO  ihcr  wiih  ihe 

ti^nJ  k^l«^U^^I  Jl^ehu^^tr^^hdAl^g  dtuJ  i^al  tunoddrrtif). 
Lfcn  m  MQhft)  pijf%h^?hjfih.i  iJk  %un%epi  mi  bcguci  u, 
pi4)  4  tule  m  j^kvuni^n^Ju^  ihc  mcU  kn^^v^a  JiHrct^n^Ks 
in  pCifi^inidrKC  ^htn  lii^de  uQd  ndfiOA  unSi^i  lumuU 
4Lt:  C4iiplu>c4  *  And  jfi  Yt>l^rflT  bdU^iuulf^idfiKC  hdb  ic 
icnily  4>ecn  piuMded  tit<ti  ^hc  i^Jvui  of  jiicnlionmcpdLdblt 
iiwn  vvluievn^^i  luHiQg'Morco^ej.Hji  posiibtc  elmro- 
ph))iolo£tvJl3>.  uvii^  inHivclA.irMdo  id  ihc  iniKnos  PJLKLal 

jiAimiL»li>okin|  * 

'  -  ^ 

hothiHLi^eljf  dftd  (M»Jvcl>^hutt  d«  ih«  ^hoiub  ^  vjicgoijc^ 
I  t4de' *^\^f\y^  i|u  Kmd^r  dbleptv^^len^CijLwKi^OLi^diivn. 
j^pCdT«ng>ii  J.V  nidjii  ICvCl^iciLht:  dn^mdlkbnitduin^  bMl{]{t:>4b 
{^4)  ii  nnf\\  hi  ihe  soutic  impoiidik.  Cwonomic^  the 
foiuitoning  of  tlu  bi^in 

UL  otic  dniJtiJl  cuimpltiT  ttigh^  \**tn^  w  ^urittii  miJilt^b 
o^  {Ict^epii^n.  pkgconb  hd^e  bcqi  [Cmiui^ed  ivi  SK\k*ii$  a 

pArii^ular  Mhnc-odt^  IC4I  ^nd  Jul  nui  pc^k^jiji^  la  the  picscii^e 
ui  biitiuueitn^i        horn  *Ahct  mm.  ^  ^  .ituple^  Luhp^ 

ied%»iittd^nevet  Mc(i»f>cvktn£mittepieKA%e  ^i^b^te  ujk 
^dvei  dnd  noi  in  ih*  presence  oL  o^-t^hiic  ^^Jk  Ic4kc^ 
The  vAt\ciy  of  i^hitcoik  Icavn  n  comiUcrabk.  including 
bJTidU^n  m  ibe  nomh^rTdqiih.  Jnd  (lij^emenL  ^1  ^ulvtf^ 
Vei  khctc  ii.  10  ihe  huoijn  ol»cr^ei»  a  ^)pivJl  J^rm  lor 
i&hiie^o^k  ic^vCi.  diitl  p^oni  oiOenUj  ^b^ujLi  ihi^  l^^ini 
itibicijni^.e  fiom  4  ^in|$ie  e^empldi  tn  vi>mpj[iwn  \itc 
k^Ms  ot  other  tr  rcb  *  ^ 
A%  an  CTdnifik  ol  nhdi  mu^i  ttdfipcfuV^h^rn  4  pervjn 

J.  phoiieii%  %4(eftor)^^oi  ci^impje;  ittc  p  ^hdi  1^  piCM:itL  m 
fptu  dnd  jb^ni  m  lifj— ibe  b^iciiet  mu^i  miu  d 

ufiiur>  pcr^cpi  d  Lon^idtrdtfJe  n^mbci  4i  dxou^i«%  ^uc^^ 
dUhoki^h  ihcvc  aredi^ei^G.  Htdci)  *pKdil  ihi  ouKh  ibc  ^^rut^ 


ind  oveiUppcd  wtth  cun  lo'^ihii  catciond  in  lite  phonetic 
uiing'Yft  liitMcrida  iiiKgitte;  indto  recover  ihct$tc- 
tor»L  ReMuehiui  ihown  vhat  ihi#  pioc«M  rc^mrtiof  a 
liiiener^and  it  has  unc^^wtcd  much  of  the  acouitic  infor- 
mation he  uMirorih^puipoM.  But  ahiinoi  provTdn] 
much  jnHfht  lalp  tbd  undeil>ing  cneehtniinit.hencc^  tte  4S 
no^  knuw  noi^  10  deitgo  their  niuivaliniifo/ipecchnitcoj- 
nizin^  maehinii.  Speech  ttvoiniii$i  are  being  piodjccd^ 
hui  ihe]f  do  noi  4liAJ>ie^iiJ%i  phooeu  ^alc^tjnaiiueh^ 
Rdihet.  ihc)  repreMnt  woidi  *i  iempqt4ll>  compttn  tAdt- 
<kiubk  pjiietni  %f  »und^  and.  pcfbapi  for  ihai  rcaibn. 
Jedionl>UiihhmiKd%oviitiul4jiei  The>  demoniir^ieiitlle 
tthluj  (o  db»i4vi  ihe^mmon  bngumtc  feaiurn  ^hm  the 
>dine  Hord  ^um  la  dilferem  lonieiti  or  iifpokea  b>  diT., 
fetem  {triple  TK»i  i^e  human  bemp  aie  no1.$ii  limited 
may  bepivlnSio(^urabiIitjf  to  recover  phonCUCcatcj^^rics^ 
\\  ii.  *U£t  pJcoKljf  LhQK  categ^rm  thai  ihe  fpcakei 
en^udnm  ihei.;ienh  ugndl  Accordingly,  they  aietheinie 
i^mu^lhe  meudge.  vJ^lMunng  cuvtly  ihc  i>il«mdlK  ptoMtK 
kh^nltti^ihdueUic  ihe  vjftouiiokeni^f^  ^ord  lojliu^dcr- 
[)ing  4nd  4hoi  ^  n»r]ciivg  lynuvt*^  dnd  nt'T^Dbgical 
bouJiildLies.  pfOviUe  mlormduon  «mf>orldni  10  pfocesiing  a 
Mn^eni,!  Ji  teecru  jmportdnu  therefore^  10  make  th^ 
phi^ndh  cjtcEorio  a^diLble  {o  ipcKh-jaognujng  mdchirtes. 
bui  ikj  ^  $v  *i^l  \M  require  a  bettir  undeniand^r^  of 
ho^  humjn  things  J^rceive  ihims 

Cokpi  fidming  pruvidc^  jnuiber  imprem^e  example  of 
ndiubdl  cdlc^onei  m  humdn  b«ingi.  Ii  a  alio  a  very  gooii 
e^^mPltf  of  ciov-dijttplmar^  reseaichr  mvokjng  I  jbont^f  y 
P$>ehoph>iiCdl  uudKt.  ncurophyiiorogiCAljiudies  [ninl^a- 
human  pnmaiet  and  3ntb"^i)ojQ>gicaJ  studies  anoss  culiure». 

The  pt^btem  of  c^lor  iiammg  wai  imiialf)  approached 
U*jt^i  d  %oUur4l  leldiiviitn  vKi&poini  We  know  th4i  the 
iitatK  ^4  <kkub\i  huci  ^r^rfn  red  ui  blue  4nd  of^olOj 
ttiijjhLncu  hvm  b\Ai,i.  10  vvh^eii^omjnuoui  U  n  poniMe. 
m  pNiKiple.  ios  MiUurcb  ^1hid«  andJdbeL  ihe  ^utor  <,on- 
imoum  db  ihe)  see  Hi  To  d^moniiidte^he  theiii  ihit  p^y- 
ch()IoEtcal  f}irii:en<fi  are  auoaaled  uith  tetinmologtcil 
kon^cnLiuflb.  cdiJ}  eipfunieni)  luicj  ihe  c^jlor  iiiemor>  of 
frfi^hli  bpukeib  C  ijhii  ihiih*Joi  iimpk  ndn^  *m  both 
dtiftMriih  iv  ti^OK  kh  Jcsuibc  Jiid  JifHiuJt  to  iciTtcinb«r'.^* 
S-t^hit^uiu  nCieitiWij'  tnieipieiediomedn^hji  Lngiuge 
doe^  Y^n^udiii  ihouKhl^  bui  ihji  intRpietJimn  plowed  to 
iK  iiikUi?^  $ub^^Ll<nL  ^ijdKy  J^iriujrvir^icd  ihiV  mr^nutaf 
%olui%4ie  mil  Jb^iifki^vC  bndUhc  a  ^uliufc  hdb  givVn  ibtta 
njmp  KAihcu  %olorb  are  $uca.  ndmc^  he^auM 
di^uncii^e  *  ^ 

fhccMJen^e  wiiieUiom  ^^eui  wur^e^  tSy^hoPhj'iKal 
Tiuiite^'^  je^eikd  ihat  ^eium  K  10  LI  pniiuiy  toton— 
^cik-tu^jir^  iho^  littiKb  Uigk^h  ^pcdl^eu^ll  icd.  green*  ^dkm. 
blue,  bljivk^  j(]d  n^hiic — h^^e  bpc^hi^  ^Idiub  m.^^ikir  dis^ 
^ritnindiioTi  tens  NcuTOPh>^iologicjl  re^earch^*  (primarily 
oil  itht^u^i  jpp^drs  hd^e^olor  ^juori  identical 
10  btiindnj  J«(non^ir4LC\l  Ihdi  ihe  %hiial  ^)»em  oij^tmtti 
ib^sc  prmidiiCN  mUi  L>ppoiieni^pJtrs— red,  grocn.jClloit^  blue, 
and  bisHk,  nh^te  In  i^her  ^ordb^  ihci^rgani^diion  oNolor 
tain  piitnAiy  p4iri  1^  411  mnjidy  gi^cn  biulufiitdl  property 
oi  jAi  humane  Mih  iit>j£iidl  >oniG  infidhuntdn  pi*' 
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bcsi  in^tj't^c^  111  thtf  ^uk]^  mnitd  ^re  40  ^h?  p^>- 
(lti]iv]^i^4li>  (>(tmtti>  Vul^ts.Jhi*  ificic  t<t|ui  tcitns  iic 
Jirc^ii>  iFiinOiubk  til  Ln^lt^  I  inilK.«hcnfncmor>  \<\,W 

t^cit.  c^en  moujih  they  lud  lumti  Joj  ihcm  Ci.  ^. 
soitic  J>pcttt  Mtt  i^ilur  JUtRhiiB  jrc  ^tilttiiJlty  dcKHnincJ 
the  nutnhcr    icri»s  Jvci  viry  IJwfrCvci.  th?  u»  midc 

tKs  of  th?  ^tMs.  jiio  ihctf  rvlaiKHi  to  ^nrorntJiion  prwMtng. 
r.ilhcr  thin^^l^rn^fmngbemg  1  nullcr  orput<  wttvcntwo 

thjl  there  i\  4  M  Id.  iy  d^pervJ  biokogicjt^lulKin  to  ihc 
prohlcm  of  c^tr^curg  m>jinj(]C?f  from  vidihk  c:(cm[ilar$. 
j-ktnJ  univcrt.it  rjucrn  ^fjutfiution  ilgontbm  Hie 
prf^crtcc    (be  urr*[ii>ft4trt  wn-'h  Of]f  Jnttnt^    pJg<tHM  fori^cf 

HKtm^  ^■V«i>  ihi  niiutil  >fjctifOiiltJiiuMeretl4b?«^"lu 
(ton  111  pcrv'Cpttiil  itybtcm^  lhai  jtc  Prc<li$?v»0  jorm 
^ite^urit^  lor  ih«  cIdsVR  urtibjeci^  ihdi  4:(  lAiporijni 
4tiivi\jl  1hctnurcMibilcT.ib4hriik.t.jnddi(pfriKd  ihtijcpfc- 

.  ill  linUiogcvuiuiion  \  m-Iuuiii        (leubkm    ia<i  lumg 

fnAthcfliiiitJL  ilc)^ipi4uri.  ui  wnvfpiii^i  fCprcicHMVions 
would  b«  .1  iruc  v^irih^i*  'ft  4u  ii  ^jcrlC  i>r  infornukiuu 
rcprcKnUliun  The  \X\\X  il>  ht  io  unikjiunJ  {he 
dJ^>c^l>l  t(4n^lorfnjtuin  ihji  k^^c^^  Ljiqjut^  inMUdn^ 
A  ^p  undmundjne  01  ihc  Jijlitrc^'  L^iCfvitwii^  peiccp 
tion  ^huuld  help     \\>  df^gn  Jcvaju  cJp^k^'*  ^-f  {^jUcen 

H«lut«l  C«t«gorlv>— Ph/tlologlc«l  ApproVchv* 

cjic^dei  m  pjrt.  prc-prv]^r.imed  o^c^cit  bird  ^^kO 
(mo  tbe  ^)^t«fn  CunHikfL  i^^jn  cumpk.  ihc  (CtogJiilmn 

^  ol  Ijvcs  The  btltfi  ibii  thit  tkilLniJjr  b«  prcproirjmcd 
;iiiiRkg-n  ihdtpfvpk  »Jth  vvcjcdiwrdertin  ihc 

*  jbihtv  10  fCioguifc  hj%t  ^u^ijned  brjin  dam4gc  110 
ctKnMlj'  (yniinctTi(.^rcgii>fii  boib  vdol  whi^b  ^  it- 
m^clkJ^y  sktcw^peUTrofli        tQ  cafo^  Alihou|{h 

^  piiichts  hjsc        ^lilffe-uhy  in  rn.ogni'Jng  kirnin^ 
tjuci.  thc>  uifi  rtdd.  (Aj^gni/e  ufkors.  jni}^LM?rntil> 
^\\^  uihci  V|(u4l  )ij^ub.  4.  (uitcrn  ahi^b  luggtsib  ihcrc 
i>ai?ecia4iyiicmlor4hckdtnineorf4\n  ^* 

Morv  gcTKroil}^  ib?^lfd>  ofanEmiL  bramt  ph!r^«>ivgKjll> 
aiidjol  jiCciikntdll^  Imone^bumin  brauii  iug:^sli  ibcrv 
3e«  Kflt^rk^bk  rtutnbcf  3u\h  bi£bl>  speoah^cd  de- 
vices l-orcijmpkL^lK^f  p^Tfiotiionof  labofaiorjr-t^ned 

«  ^.11)  lihu  b^v^ncvcf  j  muuv  jua^kcd  mil  dUji^ii.  jui: 
A^  jfiiiniU  uiK4  tfubidc  Jo.  bjf  Niing  ibc  njpcoL  the  nctk 
M  ihji  nm  iiitiLJk  )Ponii(ifou(l>  Jrc  stimufa^?^  m 
the  ijicsdl  h>poihjiamus4  ib«)r       bti^  around  ihc  bcdd 


There  die  J^tJ^  u^hn  ibjn  the  Hudy  of  njlufat  tJt^ 
](uiic«  »n  imcn^Ls  it^hcec  unc  v4  fc^diljf  l'YOII  the 
b4^urLd4»  btiUccn  ih?  ^ogmluc  (ue(h.n  and  tjciiroph>s 
iulu|>  01  ^uut^e.  iruc  tKJTiincntj^  tt^Jy  on  Ibc  Ijnj^ujgc 
4rcjts  of  ibc  bumiin  br^in  mi>  ncvcc  b«  cafneJ  ouU  and  11 
1^  un^kaf  iiie  ctkm  to  ^^Kh  woek  >*..^  h^hn  apes  i^ill 
^  jfiumiFtatc  ihc  proiikm  oen  if  ihc>  tjihibiUorerunnert  of 
lirtKuj)tc.j^4umejiite:itjgilo»  hive  Jaime  J  On  Ibc  Other 
hmJ,  oaioiJl  ^4iesoetc4  nii>  wnmluk  a  forerunncc  of  11 
k4>i  one  Jbf^i  of  IdCigudge^  nJ^ing  \tuehing  Jl 
loponic  ii>  1  ^li^4  Li  ^iirnuli  i^  the  ingrftlieni  u>ntmon  10 
oimmj}  b^  hjnim  btiin^t  anil  k.aicgoM^ition  by  subhuman 
jntnuh 

STORAGE  AND  RETRIEVAL  OF 
REPRESENTATIONS 

Storage 

AUhoo^h  ih«n  \\  -omc  dispute.  jnan>  i^orkcri  u>ntiiiuc 
iv  I«i4he  J4-rfnk.iionbci*tcnJon|i  arid  shuri-tcfm  ^UitjEc 
lb  o»rul.  4  dislidk-wi^  ahivh  lb  m  !>ijrtic  inpattcomrati^ 
okio  thiibniire  1  ^. j^he  memflr) "  nuinmcmorjr" 
mk-uiiicmpotii)  lir^\oinpuins.  Tuicun>idCrahlc4kgrn. 
miMrh  A  ihc  ph/(iolo£a<ti  ivujJt  oji  jiKm<>f;  hai  bctn 
Kolf'^io  lung-icrin  Mv4dgi:t«hcjeib4hcp«>chologi»L*^k 
'    fO(iitv$  both  0ft  long,  and  fhort.tcrm  mnnoty. 

Tnc  Aofk  sh^i-tccm  storage  1  btend  of  empirical 
and  cnilh?fliiii^>iL  motfcling  The  dommint  aji^progch  hat 
tKfn  111  jttbu-iic  lh4  (hori-teem  i^orafc  jn  wme  tvU^ 
i^vtljr  ^m^ll  mjKkbct  of  tuns— coujhijr  wvcji— uhKh  wan 
icini>uJariL>«Mure.injlniJili  of  va(>mgu>mpk]iit^  provided 
ihc>  aK  pKifxjrly  packaged  Tbe  n^iiurc  oflhi;  il^re— 
huw  A  lb  a^^cucd  and  ai  what  nic.  how  Jt  it  mimiained. 
how  Jt  11  itanjfcKid  mto  mofc  pcrm^ncni  form— has  t^tn 
ih?tTibjcctofman>  cupcrtmcnisandlheofics  ^ 

Cttrrtm  psythoiogicqL  a$  dfiunguiihed  from  phyMok^gicaL 
HOtk  on  long-lccm  ttorj^c  has  fwowd  on  the  ^duig  of 
me^nrngfiil  m&rfnaiton  tuch  at'^at  contained  ifi&eitkncet 
Ji'hat  twcn  known  f^r  wmc  t.mc  that  1e$«  ihin  a  minute 
^f^cr  a  ^ntCiHC  it  pi«^ntcd«  one  hat  virtualljr  no  mctti^jjr 
Juf  ih?  ^r^i'it  letaaLliy  prctfntfdL-only  thcm^jmng 
\\  prc^ecvcd  Thit  bis  led  to  th?  development  formif 
and  ijUiiti-fofn)il  Ufiguagn  foT  reprvs^nling  meaning  m 
fnen;ioj>^  tviih  the  i4e3  thii  voeiationt  jn  mecnotjr  per- 
Jormm^e  tan  t>f  belkr  under^tofd  in  teemt  of  vafi^tiont 
m  memmg  rcpre^ntutjont  than  m  icrmtvftheactml  input 
Thut  ihe  fjftjbabilitjr  of  ttiecc?ifoUy^Xh];og  a  ^ntencc  de-  ^ 
r  pcndt  more  on  the  nuntbtrofdm^r^^^eafiingsorpfOiHHi- 
lions  in  the  ^ntenwe  ibiin  on  the  number  of  ^or^  in  the 
^nknwe  Further  reteirch  alohg  ihe$«  hnet  ma>  hive 
importiint  implitat'ont  br  the  iletign  of  higher  kvd  ;tro- 
gjamming  languogct  * 

Ph)fdolorgul  tiudtes  lugges^  thai  IhcPCrsiiienoc  afstimuIiH 
ilieeeffevki  ^^ufs  differentially  m  diffetent  rtgtontof  Ihc 
(Kivouk  kjskni  1(1  pfiinuj  swisof>(«thwfli>t  ibcjKTJittertCi^ 
ol  the  neutunjl  fctpon^  to  1  bnefst^miilut  it  ^f  ihcordet 
of  iconic  fnemoijr^  i^hereis  in  ccrlim  beocorticil  tegiont 
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1n^^JUf  Jt^  l^'K'.i¥i2hki[i'>tt«>r  memoir  ptiHCN^^i^  ttin^ccnnl, 
s  -K  ,\  fVhkiHc  ih4i  ihc  ^l^uJl  lAin  iiiij>  b<  uurcO  in 

irc  tt\.\i\h  kv*  clear  J>  tci  ^oihcfnin]^  pv>T^^'  iniiomKil- 

li>n{icr  teem lu^r j^c  jdd.^^r  rctticvjio^ljfi^i/mitJL'n ia ^o^h 
hum^n  Jod  inlfhjhuFnjn  numin^lv  "  'tufiic  phcnojiirniit  *'i 

the  fh^frnjl  [vjr'iiiicldc  ftJtum  til  nunditKintn^  jn^  fui 

h  hiuUffiuji  Kfnin.  mJy^iv  of  the  ph>MCiI-chcn^WJl 
^uMril?^  moi!4r>  in  it^  infincv-  in  >k  c  4r(  vitL> 
Kfiinmng  Ki  idCA     iK^bi^m  v^^^^  iitvuKcd 

\  '(uii4i  iJt)jri^ic>i/'^iit>n  jndii^jJuji^t'/i  ihcMr  t^iJcu^^ 
mu  ihctF  ifticii^liim^  m  ihc  ^i^nicu  o{  >iirui  m juvn  pitK, 

dc4iiuii^ujiiiJ^  t>i'ii  incni*^t>  liiiuioUciiutALlj  itv^  *^  ihc 
fiuic^jl  citd  >'i  ^htr  Ti^^crtt  S*.(iiii[tKl>  l<>i)t^U(n  ^nftJTnfU 
H'ti\  \Ai\         he  £iiuc^cd  by  icin*i,i^>r>|^  the  ti^nicii  pn 

1*1 1Jklur^  Lhii  ^Ipiiippmh  Lhc  efle^t^T^Dt^)  nl  ^e 
triet  J  k    J I    r*  liilnpk  ^  t^nim  m^n^  i^  ^he 

flcre  'iiin{ee{hdi{h^  pll'^c^M:y^4ifl'<l[hH■^  Jihi 

Acur^vttf.^— ibdl  pc^ipK  uvt  m^h  vnpjil  Jili  bi^c^  Jrc  itf 
ja^  uve  wrth  ljf|^c  i*nf»  <)«4U{ntri1  ^4Fi.hc^«  for  exdmptei 
niuike  icn^i.  t^^^h  ^niJJL  ild(j  i'lM,^  iya\  mc  ufirejiLt^iK  Ii^i 

*^^^^\.^^iH}^(^filt■i  ^jMt*  vccrti^  hj>ihK  i^ik^^nt     »ii^ihi miii^-n 

/' 

S^uJit^  in  jnintjl  JcjfftiS^^hi^t  ieoenlt>  conic  w  emphJ^r/t 
pfiKe^^fl''  jftjU^iiU^  (olho^<  ill  htiniJn  mfflinif>  l^e  (efm 
i^'sniifie  priKC^^^      m^ccJMfi^U  bemjt  u^td  uubjF-K- 
'<ftft  ih>^  ^ncfj^  mlurmjiiL'n  prmcmnf;  ii|i}'r4*jish  i*^  the 
phenivnicfu  o1  l(jtnmg       rttcmor^  in  nipmik  *  i^nc  di^ 
^     uix.iii>rL     t)ciihc<cr»  v^urJMng  nictn^'fy — stmiu'u^  inlotnt4ii^ 
u^fui  ii>r  I'lir  tiulunl) — anU  Klcrc]iven]cn>^pr>'— ^n^rrnuUvn 
^iclvt  iitr  m.Tn>  iml^— m  jnjL>f>n]|i4)|kcr4nii4>irnini|(inihc 
{*ji;(<tn  ^'  (Ji  j!p(i<jr^  ihA*.  hiypsM-ittifM  djm^c  ic^iiK^y 
impure  ihitrXm;  fncmifc^  m  mjnv  *rcv«^*^  IMei^  h*i^e 
'  JstiiTticii  ^fj^^tLj^  L^indiitoninj:  tdi>h]4  (ycbltnlLi  m 


Un  ^h^rMcifn  jnJ  hn^  lerni  m^nt^c)  prottis^  in  jmmal 
leimmg 

\  icirniti^  (xpeiicfi^e  frdgilc  jnU  ca^il^  mjn^puUied 
u»r  J  ^Dti  untc  iftcf  iJic  cipcfjcnvc^n  Mn  tn^pjiccd 

dcviro-^n^ulpi^c  ^ikIl  md  4ne^^hetu4  jnJ  r4(rilitd(cd 
bf  \eruih  dcu(^«  h|»rmll(lc^  jnd  pepihle)  ^n  boih  humans 
j,n\i  dJimiit^  On  iihi  uihcr  hdnd«  ihe  fucDdjIiun  i>U^n;- 
Uipii  miintJi>  lii  miinjl^  un  be  jmpii'red  ^ubstjffcvf 
ihi\  mi^tcK  i^tili  piDicfn  ^>iiihm^^^  Ibesc  lon^lidation 
plicEiujnen^  piuvidi  Lurlh(f  cMdcrii-c  fof  ^  fundimentaf 
dnt>niuu(i  bciMeen  fbi^rier  jnU  lunj^cr  tcrtn  m(nior>  proc 


REPRESENTATIONAL  CONTROL  OF 
BEHAVIOR 

0«ciiEon  Miking  «nd  H«url9l1ei 

rhf^  'licitv  jTtd  hj)  jiin^icd  i  £rv4i  deal  i>{  ilKn- 
ui^ti  tiy  ^^Knmi^^ufnvjrivus  fields  Sutntuf  fhcic>  uurdt  ^ 
ire  ^uk^jc^mc  prub^bi^ij^cH^ic^^^^'^^y- 1^^^^  h«vrmKt. 
^in^n^juun  ftwovin^  ^irjicgicv  tl4>ci  ih?vc(m<  jcpfc 
^uti^^  CkV^cK  Thcrti  14  liiin^  tundin^^icn^onbci^ftn 
t^funidj  ippiLfdLlirkt  d\  (itimpljfted  b>  ^i^rk  often  tjffcd 
ilki^ion  di>dl>4i44  4hich  a  bj»d  Iir^cly  on  suhjecn^c  cy 
pcMCd  uiilit>  \bc*>ty  jnd  BJl>c^*  (bco(«iii^  Jnd  cmpKiCjl 
tciuht  thdi  »h^t^  noi  onlv  ihit  m^n)  people  (ificludmg 
iho%e  wtiK  devF^wn  K^pon^ibi^hct  of  jmporLin^et  fjtil  to 
behd^e  vpumjll>«  hui  ^hji  iht>  d[»  ffoi  jli^ii^t  wini  lo 
lollow  jhe  dKiJK^  iif  ippiiRiiL  modcb  I  Or  (^impte«  mdny 
Mibjc^i^  uilL  ofJci  vdidin  p^ir^  vf^mbk^  yppo^uc  lo  ihe 
jnii^ni^  kt\^  jfc  ctjuh  Jkni  k*  the  >taniblev  mdtvtdujrf^  " 
ihc  i.nliice  i\»b(hi>^oplim^lLv  ^ould  he  due  lOiinin^biLnj 
u>  hin^llc  the  iniocitiJiujn  pio^oviii(:i(i|uprcJ«  t^vhnh^ould 
FKrihjp^  ^c  tt^ii^pcrtviicd  by  irhfiMiUtM^CN.  buc  ihefJiltiK 
jm  <\»bc  vpmn  ^ufiyc^l^  sonieh^iMk,  rii^udJcdi  jndin^ 
viihn  b<t  mii^i  pci'p^  ^  vticnu^i^  jF)jl>2inE  Ihese 
flee^ion  ^mmont 

ii  >^  Ouih  );(jierjlt>  vorKcdcd  ibdLhumdn  >Mbjhl^  unless 
e^pevrdijy  irjtFicd-jpproi^K  rumple  ^  dc^iMnn  pFob^ems 
imiil^in^^jiHCC^^L^b>  in*i?kFn^^4ifioti^{uTm4ofhcumt!«s 
in^^in^iMenl  ^^ith  eilhcc  f  jUOnj)  ton^iderJbOd^Oi  vlitt^liejl 
theory  >c1«  no  ^(r>  Mti^t^^ioo  ^^nplL^e  Inodcl 
hj)  c^ohcd 


Motor  C^^i*-Oi 

\K  ^;udt  ol  «widin^i*cif  jnipvemcitL  ^a^-  bfth  much 
ne^ki.ied,  ^cF'iJ'nl}  by  ^i^mpjriMin  tiviih  per^cpt'on  Yd 
the  ptublent^  oJ  m^ciiicni  die  jU^L  cel(vjnl  to  mfornid- 
mta  >vi(nic  jt^  lho^e  psucpln^n— >ndccd*  tb<  i»o  jfc  ^ 
jDiiMi  iiTij^^  Jnniv^cmcni.  iwn pci^cpdon^  thci?  jvl^e 
piipbtem  v\  (ii.in>-ti>-iinc  bi>w  dofs  J  movdiicnt  system 
di^hieve  d.  pdUKul4i  objci^iit^c  m  u>  nun^  dilfCKnl  ^d>s. 
ijom  ^0  nun>  ^pMci^ni  >1irUn^  pojiln^n^,  and  unJcr  ^ 
tinny  didaent  tsjn^fiiiiJti^^  ( ritin  ihc  >ljndtH?inl  of  pu^potiv^ 
^i'niruL^  hif^  Mn  the  ^Ic^rcCN     frecdofn  jn  the  iyiUm  be 
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iSelctmme.  tn  i  givtn  activity,  which  vtrttblet  »(c  ahUtJ 
ind  whicK  Are  held  coiuttni^  Whdt  tre  the  conMiamtt  on 

bchi¥iora|l>  iittffur  How  do  w  solve  the  faKtniling.  but 
nd  much  thovjhi  ibout,  pr«btcin  cofhxniing  the  rcUtionship 
betwetn  ifftjenl  jnd  tifatni  puutnj?  Con^idtt,  Toj 
e:(jiniplet  how  it  mi|ht  be  lhal  tbe  affnei^i  |>Aitfni  cOf- 
rctf^^nding  to  tlie  audttojy  Wj  phonetic)  rqirnentatton  of 
mcomiflg  ipeech  JwiniJi  itc  "triRiUtcd"  into  the  efferent 
pimm  thit  pKf^  mifV}^  NotetltJt  tlKrr<]^tjppcdfi 
to  bf  dccompbthcd  with  ^ery  httk  trul  and  ettor  iiul.  m 
the  adult,  wtth  luch  jpced  ai  to  imply  j  methanum  thai  ii 
boiheffKienl  and  J  I'  jo  minyt>  Menu  that  uorHc  dficienil^ 
if)inifniKbfo1i>giC4ll>  baled  Wh»  e  tbf  implicauonf  of 
ihc  fact  tbai  there  Jppc^r$  to  be  no  otyviom  mvai larit  f  cla. 
tionihip  bftAUP  central  commajiilf  jnd  the  tifccti  tbe> 
ptoduce»  tbat  the  t'der  to  pick  up  obiect  hat  whoJl^ 
ililferent  convefiueiKCf  ticpendm^  oit  the  initial  rekit^ 
beiw«n  thepetton  ^  bcdv  an  J  the  objfi<i*  Thittj,oJeotit«. 
tbf  prv'btcn)  of  contctrreoni)itK>nei)  \ariibiht>  ^  md  it  lok>fnt 
titit  mo^nn?nt  ji  it  don  tn  peteeftion 
To  vil^elhesf  probtem^mll  fequirc»4t  the  J»iu  that^^e 
div.OkrCT  to  ^'hjri^ten^e  the  »igi)ifH;int  rittormtti^^n^l 
units  [»J  \^H^rdrnjtK>n  jm)  the  frpTcKtitationjI  jtrdeiiitrt  o| 
^i^ic^t^  imheddcd«n  ph>^^jl  ifuce  The  ailtfnlpt  toito  the 
l^fmef  U4\  hf^n  4fM>int  ot  ilcpJrture  (i>r  uat^  at  the  Imlt. 
lute  1«f  DFotogi^l  l*h]fWC)  ariil  the  l^jtituie  luf  JVoblem^ 
tif  lnti>rnittion  tian^ihioiJn  the  Sovid  ifmnn'*  At 
1t.4V  lenter^h  iii^on^^JiiHint  nnpc  (rom  iludiet  ol  the  (Kiu<»' 
pliv^ioM^  ol  fflotoj  )>steiniH  m^ttiiliniii  ^^^b  disorder)  »i 
motor  j^ii^ir>  humane  P^tLntoni^m,  to  ibe  dpfilhj*^ 
lii>n  it\  idcd)  JboMV  motor  oJt^dtni/diion  in  the  ^i^n  <j\ 
r«*iot%  I  he  tbtof^tKal  pctviwcti^e  dc*et<»p*d  m  the  Soviet 
l;nion  ba^  been  clatXTjteil  in  iha  ^ountf)^*^  j(id  i\  (tkjw 
tveinft  v^ifi  js  the  b-isi^  for  empiruji  wort  in  voetdl  nVftien- 
yjn  tJhoiJiorri^^  But  m  ttelMfifi  to  undet^und  ihe  pkfi- 
ftif>^  JA(]  ttTg,.jwf4Uitn  ot  rnu^ciiTCTir.  jjid  ^^^^  per^epti/jj 
ifikTm^thin  r?|dtul4j«^ii^ii^ii^x  jn  imc^ftttil  tCKjr^hellon 
1^  nwdcd  Svch  41  «Mcilr  wth  comprise  j^petis  ol  pv^- 
ihi->t<?f:y.  neufu-Hticm;?.  ^nd  voniPuitr  v.ieiivv  There  sire 
ptthmmjn  v];n^LtMi  >uih  jn  intc^jramm  i^hcm^  dilenifHedc 
huimu^hrcinji^^iohcd^vne  " 

Suat«1}l«*  Oavtrnlng  P«jlarnii«n«a 

ti  «nul(l  -two*  iil^eK  thai  J  pcfii>rm4Hrf  ^ir^ie^  whj^h 
^K«^j|)iinul  tt>t  nvmep^tp|^^e^  iM)oiopiim,i|  lor  oihef^  I  i^r 
enjpnpk,  §fy  Jten  vih«Y  hj^e  j^LcijeristU^  lo^i  thtvurici 
ot  ont  hcmi^phen,  dirterent  Im^uiii^  sirjiCdht*.  eii^vjfie  ^n 
dvatinjf!  4Lih  ^JUin  (;f  ^inimjtKj^  foniiru^iJi>^s  depend hrtg 
or;  whi^h  ^l^ml^p^et^  wjitemt*vC(l*'  ^\»ti  leveni*^  ri  h*|i 
th:<a  ferntTT^J  rhxl  v^ilh  n^^rm^l  ^ftni  the  ^Unile^ie^  4s4d  in 
dejl>iij£  v^iih  nr^  t.i^i^  t.hjn^  ?  (;  ^  the  v^a^^  m  wht^^i 
^ifnpie  driuinit^  jre  %f<picd  \  i^u^^u^xi  rji^cd  h^  diEvc 
^ludie^  4hcilKr  ^uch  ^irjie^ic^  jie  dvle^u^c  tn  the  4Cf)>c 
thai  the  ^ot»;m4  be  it  amcd  ^uher  vi(jie;)£M;^  ihji 
uOuFil       j  hette/  peuofnun^c  or  uheihei  ihe  sitJiei£ie^ 


4ie  indeed  »pimi^i  i^htn  ii\  t.oniutini3  on  perforj^^nvc 
are  taVen  mio  account 

COMMUNICATINO  REPRESENTATIONS 

C«nn  action*  B«tw«an  PhOAstle 
Structura  and  Sound 

A^a  le^uUf^fyear^  k>ie»eardi^  b^he  bti^unto  under- 
^sii'd  the  natute  of  the  ^ode  thai  conne^t\  the  pounds  of 
ifee^hti>lhephontthrmc)^agtti]e>con^e>  Uisapecuhift^ 
lin^oiittc  toitc^  belting  restmblanct^  ol  a  wtito  the  £tam^ 
miutaUodes  [e  ^ynlatf  ilutone  Ibiili  at  other  te^el^ot 
the  s>  ^em  More  ^p^:lflvil]>.  v^e  know  the  i:ode  v^ellenoueh 
ti>  ha^e  captured  it  m  ^  %et  of  rur»— a  eJammar.  iv  it 
Aere— »  ei^plu'it  that  ii  can  be  put  jnio  a  compmer  and 
0^  for  »he  Purpose  of  generjlin^  sp»{.h  froni  strings  of 
diwrcte  photieut  t^mboU  "  The  ^>niheM7ed  ipecch  i*  not 
Ah4ll>  %ilitlictor>.  bolii  tvgood  enough  loJtjndjvOidencc 
thjt  thi^  puiri  t>f  the  Ttoblem  11  on  it>  v^ay  tt>  being  soUed 
The  rutet  for  >^iihe4A,  uhen  ciamined^  >u^pe^t  that  the 
v)Ta1ion  rtflpi  ijiYul  A*  for  the  lethnoJp;fjej1ii(J*o^i)thtyv 
hy^rale  ^fl  be  iiied^indeed.  11  J%  r»ow  being  ii^d— m  a 
^jnei)  ol  jpph^Jitrons  \\hen  ^onne^ted^  for  esampfe;  to 
jn^htir  «1  t>f  rufc^K  f^r^^el^  rbon^to^K.  ihaf  relate  orthog- 
uph>  ^o  phofl^Ukr  ^ru^iure^^  and  ii>  ha  oftiCjl  ^b^rjiter 
rcjder  r^ir  "perieKmg^^  the  orth^>grj])h^^  ihc  revolt  ini}  be 
■i.  reading  nut.hine  for  the  bhnd— liiji  j^^  4  ma^-hine  thai 
Hill  wnveri  leii  10  ^pec^h  Synthnis-o^-fufe  o^d  in  von- 
ltjnt.ltun  Hiih  t>ihei  deuves  provides  a  ^^tiet>  o.  ^sienv^ 
Ot^grwl  ui  injke  nian  m^h^rK  inlejdkrti^n^  easier  iitd^>^e^pcr 

H^gh»r  Laval*  of  Linguistic  JtapresanUiUon 

I  lofii^iiv  v^tmniehtn^^hn  J  prodihuon  mtyhe  ihe 
fiiimjihHii  itl  iiiulup^  reprc^fniaihtnt.  <rf  ibc  TmguiUh.  ui^iial 
w^Ji  »»1  Khuhentodc^some  a^pc^i  of  lbeuujhnR>rnialjon 
»«»iL^evLd  h)  Lh^  sj^iidl  J  ^1  m»>re  lhaq  Iweni^  jea/^.  ^nien 
^I'-e  ie*-i:jit.h  m  hn^ui^Lit.  ihcoiv  hd>  b^n  difvoled  10  the 
iLHiiUhil  bh^i^ieri/'iL^'n  ^^f  {he^;  rvprescnuUk^ns  jnd  the 
ah^Ljt.1  ^pL^ifEt-dliMn  vi  ihc  mappift^^  jinun^^  ihein  the 
^iht,nvij,.apKv(niJij^<]i4ii  ^part.hi^,.^pn(ivvtcdi\iLhe^t\tul 
r^pfe^nuu^m^  ^^^n^i^un^of  a^e^oense  t>\  >^iiid^4  h>  mejn^ 
4>f  phf^rr[»^i^t.df  rult^  Syntatriitr  rule^  ^t>nrte^i  Vhe  tcthil 
^st^ucn^  fo  J  fcpre>attJttoii  of  mcanin^^tul  grammjULjl 
c^ldiii»n^  ^cnuniKs  af'd  ptJf^niJiK^  ^pe^if^  nsj^ftini'^  be- 
Uih.[i  ihu  rvpicM^iiljlj^in  a  uJl  iiH>re  4b^'tJJvt  j^pre- 
'>frnui4^'"  ^'l  ihc  niv-^sitie^iit-^'dcd  in  ihchn^^unUn  MjjinA  In 
t,4'ri4puLJiioi]ai  nihr^tc^^  i,t\ JtfVifoi^iK  ^^in>prGheouon  jnd 
piH.j4>^LH'n,  ihi  hn^iOiUu  mlv^  ti>r  nW;*An]i  b(iH«n  leprc 
>siiLHiii^iii\  t.jo  he  levjid^d  si^jied  lKOt>v^lvdif^  ^tut.iure% 
ih^'  -OL  Jppl^d  U»  J^s^njt:  iti  ^'iKHid^  ihi  «r;h>iinjuon  ifi  jhe 
hnjEuiUK  4|cnjl 

^  M»|i^^b>^iv  iKi^h;^  hiispKtN^nmdieh  hceii^^tikeiined  wjih 
J.^nn  ((dvWiTi/jii^jn^  ih^  ni^^iiai  ieprc^niaU^in^ 
^h^i  ^fiij^^l^k  '{^^^t.b,  dnd  i^J^iimti^  liiLk;  h,i^  tvcn 

^^s^hii     sWwii^  h^dii^u  jfv»'HihnK  H>  uhKh  ihe^c 
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L<vivh^^^'vd'^>  tnoie  jTEjiimv  piixe»in£ilgjfi{hm%**Thi> 

xnv*^il>vidii:  ^inj^iibMiLdiit  inbiki»di£<l  .uh-i  "id  jVprcKnu 
i^viL*  Ct/lldt>vLdii»c  tnJi^  vvmbiflinlt  i.nBgi^K.  vumpuu 

tlKf)  ill  If  died       J^iUkipt  vf  fC\cdlk.hCI  t  in  vU^iLnC  iV'CnvC 

ihc%;rJ  ^d\bceiLihc  diH4»cf>  ^nd  vhdrjvtei^^iikif^of  v^n^ 

ijD^u4fiaJfoin  ■inrcJjic^tdnnu^^c-idmiliC)  Rcl«ir?d  iv*^ 
h^l^wi^Lh  i^m^civiK  H  ihcvc  i'»-diufit>  drc  iFiOkigliL  by  irun? 

mcvhjf>i)tnAli>r  ljflguj]re.iivc  Lr»ngui)iKiinivcruUpL4j^i<^c 

^Hkin^i  4od  fnjihcnidiivjL  mv^cJo  njiuttil  idnguj]^c 
prt'\Cv)jiitj.  buk  vnc  ihdi  «2  ju»i  bc^i^iti^o^  ji^t  be  expkfiicd 

(14  "^tmldcifd^m  the  cM«tfnve  nfiheve  unKCDalinvdndiitt 
Undflrfetftnding 

uiulci^ijtid  tiDpic  dntl  QtJl.vi^nAirtpic  ^uiiCs.  jnd  wtKrc 

Aiuuto  ^fi  hitiiitnidtit.n  pjruvCv>ift(;  jvuiuni  itidi  inJc- 
p^ndcni  tit  ti\  «p<v4liv  itn[>ierFicniJiiunL  d)  u  jcjl)  v^uh  j. 
pto^rjm  i^ji  tviincnUcd  it>  t>e  ihc  fumUun^ilCtjMhJleni 


PRINCIPLES  OF  IMPLEMENTATiOK 

j^^u  iti.  rnJilmndiivjL  iicjinicni.  tZi  t)«  j*.  .t^jt^d' 
vL«t4ii(*k  la  tilt  fjiie*  v.iiC.  lHe  ndiuic  jhc  ihkisUJUun 
AiiJ  dcpvnd  u^p.tti  iht  mdvh«nc«>  4^  ^tldJ^lc — neti^t^o^  vi 

diHctin]!  U^4j«iivivs  ihi-i  KM  In  Jonc  ifi  par^ilki  mjiincj 

i>l  ihc  jnpu^  dab>  .iiid  ivdi^Jhk  hdidudie.  vmC  ^iivihfO 
niUbviiiMc,t.iiiucm;h4n^hi:  t^t^c*  \o^m^snUnLv\.inipk 


Wiih  «hc  c\pltjmcdevclupfnenl  of  computer  technoloiy 
onzt  ihc  pj»  ^ciddCL^r  utiiferildndin|of  K»a(  piocntort 
hdt  iru^n  t  JCinefldiHJily.  In  uHilrail.  ictauvdjr  JiLlic  u  kDOwn 
dhuuL  pjfdiM  prwcswrsrsutrh  di  dmmat  and  human  bfaim. 
^  ^  ihctc  biolvgitJi  Jyiicnii  b<  the  most  crficieni  in. 
^oimduun  tidodl^g  de^icci  dvailablc  Llndcriundmi  tbc 
.omruidimndl  'tnikt  dnd  itrdieftiu  of  th«  brain  ihould 
piovJdc  ii»rLil  tn>ighii  lof  the  lonttrtiiijon  of  ttie  artificial 
(Urdlkt  {iL«>^eiii4jii  ol  iht  futiAe  Fcihajts  the  vittXl  way  to 
pi^redin  ^unJfyA  tilmd  KatihistoKeliandMfenhryien- 
eijl  fXiixipltt  ifidi  dppcjr  jlmosi  univerulljf  m  all  bM>h)^»^ 
in^^rmilH^n  prirLOun^  jyttcmtr  The&c  principles  ire  re- 
tcjicil  f?n    it^ii  4*Ao  leveJt  tKhavtoral  dnd  anatomKal. 

The  Mdgtvjt  Number  S<vcn '  u  jn  uaoiple  of  a  be- 
h4»»uidipnnv4ri«  '^The^veidge  |>er&<intjnfKallcotratt3r 
^  d  ^1)1  «jr  $<^en  btftar>  Ji£»U  or  s^ven  devimat  digits,  or 
ictcft  word^.  uvb  vhiiven  random.  Ctejriy  it  «i  the  total 
niimhei  t>f  iit:ni>  'n  i^c  Miiuentc  that  «i  4he  limiting  fictor 
»ii  ihe  ^;i4n  nl  ^mmedidle  memorjf.  Thn  limiuiion  hat  tuE- 
^c^red  ihii  iKe  tiiinn  wjJl  tend  to  enuHJe  mileralm  tuehi 
.ndnnei  ^tidi  a  need  a»i  hdndle  (note  thdn  Kven  tleoit  or 

Lhkink)  dLd^inie  The ihcvietitJLttJwn lor ihit empirical 
icWi  iMiui  kni>*ni  dnd>et  ii  itigge^tun  important  design 
piiAviple  Tur  >iuid^e  jnd  reitievdhn  d  htennhitdllj^  Oiga. 
ni/eJ  pariiJIel  pro^emng  lyitcmr 

1*Q  Qlhtt  design  Trmapki  tbit  dpp  dr  t>olh  at  4  be^ 
haviorat  jnd  an  maiomlcal  tevd  ate  ^lateral  mhibtuonr* 
and'^ofiponenliproceJiing'V  Onefonction  offileril  inhibU 
tion  in  neurat  neis  n  to  reduce  redgndAnCy.  The  Hcond 
13  ike  j!ikfrmjJujt«kinof  he  Knjor)  iignaUirveraibideinput 
Tdnge  Thc^hem?  u»d  to  di^eompiithihese  talks  has 
)tudted  jn  great  det<iJ."  jnd  the  batK  (tiba-dimeniioml] 
t^PUvun  vperaLor  i»  now  fiiid  afmojt  universallj^  in  ima^e 
proveising  "Opponciit-Protewma"  a  at  re[jted  lechmque 
al^  ^ery  eummnn  jn  btolo^ieit  lyiienif  K  t»  the  coinn^  of 
mumdll)  CKcftiJivc  jignj]  lypa-  loch  at  ""red;!  opposed  to 
'grecn'^  or'^bfadi"  oJ^o$cdto'^while"  Although  bA^  pae- 
ticulat  pain  are  chosen  a  noi  always  {inJerstt^od^  the  uni* 
verulitjf  of  ihif  opponeni^proccis  sufigHtf  ihai  it  may  be 
anerilCKnl  method  foi  handling  infotmationJU^  utititjr  ean 
perhjp^  hetl  be  unfferHnod  ai  a  bindty  Klection  strategy. 
*he'e  inputs  il  esch  higher  Joel  of  Procnting 
ve^\uel>^rjdedby  pldiing  i he  results  mio one    two  bmL 

Ai  dft  jnjiiimh.ji  k^tu  hc  jIm?  veJhe  tunimucd  rc^ur jcnn 
ui  wnjifi  Jcjiure^  «hivh  >Mf([e^i  onderJjrin^  rrintir^t  of 
jmpiciDcnidi^tN:!  \  ur  r\j«iipk.  manjr  ^truviurc^orthe  hrain 
fire  vkitr^bvidt^i  ii}i\t  jjjerv  Jljminde^  in  one  dimension 

ddhs  iu  vuLufniii  m  ^rthitgonj^ducition  Charl) 
ihc  ik^ifcn  (he  hiJin^Jinoihe  rdndum.  jnd  thi;  l^pc  of 
.irk-hiicviure  ^ian  W  h<  ^nc  <t\  ^|dni/ing  rrinciplev 
tl^t  ihMy  *A  vth>  MMrhi  yJiemenkiscdhiifout^etdppcjRd. 
thi^cvei,  4nd  mjv  j«jii  ivtihtt  dCiehipmcnt)  in  t.umple\it3r 
»j  niiAmk  iitt^ity  Uihei  vrgdni/in^  ^itlleglc^o^ed  by  the 
hjrJin  ^nv^udc  rcv^pr^i^jJ  tcedhtitk  tieiMCcn  hiCFdrchieal 
Mimikiresli  e  .vuriKo-ihaljtniv^kir  ljmin4ieb)inJhe^pinal 
wtdu  riciUs  ternl^ifjl  PjUcini »'  tnier^ivtivf)  ihji  wm 
u>  be  t^^Mijicd  fttnAifidili  h>  ihc  UnibK  ^>Mcm  TheJdtier 
have  hecn  liken:d  to  rin^  memori:^ 
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ftot  onh  the  uiidcf>undin^  ol  the  p^ttkm>  it  lans.  but 
the  manner  jn  viAich  tl  computcf  wlultofte  Ebesc 
fiii>b?<n)%  B-y  d]s:4>^cjiin^  tne  ^^r»cki"  uWin  cvmnton  by 

CONCLUDING  REMARKS 

r^sti-hj  .^n^  fields.  uvlnntiMvlm^Jlie  4levelt>j)cncnt  ul  (he 
oiher  il  ijn^iiufprfjmft.dieter^jK.ihjt  ^tttt^c  hfircij^d 
4bout  biolo^icjl  wluiion^  infotrrudon  hjndlifi^  i$  fjr 
from  L>vAiiiicitCfHivc.  dnJ  ^e  ^oulj  be  ri>olhaidy  totbin^ 
ihjl  ouf  yinvf  lit  (niPofJjnt  toPicvii  much  oi  a  P'ogno^is 
Ik  hippfiting  fi^hl  now-  Jet  ilwie  Ave  or  ten 
>ejf%  Trom  (u^^  Our  |tujpii^  m  (rym^  tq  present  the  be- 

<M)  thf  «|(xloi|tfflrfl(  uf  ■kf  HWW      inrcKTiiliM  WeBodKIJt* 

KfitptfJ  a  tyftthtM  uifi  4  wtitptt  ht  Wit  iu(v«y  ^fKkw^Pt  mtwch 
iff  tmfiJj  <*«fJrt*j  KKir^h  thii.  in      opift^K  Ktvt 

SctOfV  |AJr<^hB0k>f)hidjl(|it|<id  tihf  n^hCKlUKh 

wufllitdd  putbi  KtT<  di(T«HM  pra^f  WCha^M.  h^^t^i. 
ifMovt  bri4it)f«ttlarK»iKi|v0j  deal  lo'^  pJiflyhfjitK 

1    M  LkliMrioJU  St  OrH^/Vn^  J^iM^ri  JJ.^tivJlJ 

llllbivn  ^tJ>^lle.  M  J,mMJ^  i."  St  t  F^(r  (7  ^  £jfi 
hrefvi^fS  t<l*S&J 

i  ft      [>ivf np«il 4pd (  M  R«q|f n, tf^ihf^J^,  tit 

hfrmfvK\  T  PMiTr*K4  iwt  A  (  KiMiL^iwr,r«7  5hO 

tifftfiftti  T  t  <  l(t(tt{l«  *nd  ^1  frHdrrtin  Li*  [^depiK 
rttM,  V*  >.vL  WF  ITW:*  ^  St  LAHFiUnmt.M  Sl«M?rt. 
}L<in'4dFr  rfi  ffjan4(to0it  4^  jntvrr /4JJiW(>n  I'd)  tJff  fttttP^isii^ 
K  rkti^H  It  Lt*tf*PlJ  aftd  tl  t  Teubef.  tdf  fS(«P*A<i-i'<rljfc 


--  9 

#uf  f>/;«vw«o'4iii  (M 

il    B  i-  Vttctf  ^JijyDff  Tlkjufb  W /t«V^>  Silrft*^  n'fittap  itf 
^viV  l^^^  r«i  a  t^^ial  wipes'  vlttm  toptcxc 

M  It  B4ffltifiA.Pi|£h«1  Bvd.A^.Jjjt/^jJl^ 

1}   B  Bfll.nindf       0afir CM^ r^/qcf  77^^/rXMwfH(4/J^aAtf£t^ 
JW^J  lim^f  rliiy^f  C4tifM4Fl  Ptta.  8<rLflry.  l^t 

Oft*(f,C*i  fj>^JW.^,l3r(l9Ht 

IT   JC  Mt^^L/AW^WHwf  f'jMltor.^/.Wfl^Ml 

IN    Cj]t>ub(rthcd^j|^riwn(bti4^0T'lKl]'^f«bfef  l/nnjpcnoiHlc4<n« 
«JniiMlW4t 

»  (  Sifrqbtfi  m  Cft^twn      Affca,  }  S  AntratmL  Ed  Iblitt 
Bro«n,SoilOn.  Ifni.p  O  H  C  AtklnKAJnd  R  M  S1^i(Thn>a 

ir«  ft  u  Siirriuii^R  c  AtLiMvni,/^Jt^JTrT.;^i:9nM«L 
AAaw.Nt*VarLl^j) 

ft  mtM.  in  ^nff/if*,  C  W  M  WMI^  O  L  Zlflf-lH^  Ed) 
(Bjti«r«iWtl»,tA>ft^.tW6j  M  H\i1^iln.^«l^t$.^r^l^n} 

S  It  ttuiK.>l  l^ier.todW  K  nantt.K<>tmttHrN>f*ittf** 
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rf*  .vw 

)7    t>  M  0/dh(f  (nJC  R  n(>lt  £f«  Arr.jV  frjt 

**    Miivh(jHivt  (hciMcln.*t*^KliJWnJfof  |Ki         vuiL  t^Mnf>  nwtg 
f*n«(  S^ic      I  M  del  rjpJ  *  S  Gvrr.nLfl  t  1^  I  <^ 

^ifftMil\i*i<v<w.rfm \t*  Veil  f  FIJ 

fYhf        Vofh  l^ii  VcjLwC  (  bi>^lt\(<7JS^rtf4A  Aj^tN 

flrifcttlt  t<  for' f»NM    M  fipr/4nTW  ^JVMi  JI^ 


th^ftrt^^Wt  Mil  tarfti^.injutvt. 
/  At'nm  ifH.  4mir       1440 M^^l  t  L  h<11>4^L  t  (rirri^^O. 

« 

m>LiPft«^  St<t  V^k  IvTft  7       )/k  VtwJl  "t  ^0nl/df^dVl«0If 
IJI  R  kj^lan  mSttittailJVtiiBif /^4tin>t  H  Kvtlifi  IJ 

niorini  Sf*  V«L         (»  *f*  ^1  MjiHJ  J 

/di^ti  Jlfi^friJiiM  rp/  V^riirdJ        vd«<  LC jnibrhJt«  Mi  Mil 

\^r1t  14^41  P  <*Wn  jqd  h  ^^-^kr  m  f^/hol 

\i«haJt.  P  i  tfhflnn  I  UiuHw.jfi^JA  MmV^n  ]^  IVrdtrnx 
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R*pOft  ol  th* 

WORKING  GROUP  ON  INFORMATION  TECHNOLOGY 

f^tthtAdvlioryComnitttettorlnlornitllonSclBnc^andTBchnorogy 
NfttlonftI  Science  Found«llon 


Intradueljontolhf  Port 

convtfveJ  the  rcquut  of  ttie  Afivuory  ContntiUte  tot 
InFormitiOA  Scitnce  and  Tcchnotogjr  of  the  National  Sn» 
entc  Jftunddiion  under  (he  ifirKtion  cf  AdviK^fy  Com* 
milt«  RKmtKn  Pjul  A.  Str^unMnn  and  Richard  I  Tinaka 

The  Wofkinii  Ofoup  *w  charged  «nh  identilying  re- 
search fdifif  rel»icd  (o  mfoinuliort  Uchnotogy  *tii«h  jre 
unlikely  to  be  Ttlled  by  prtvaTc  KCim  but  ^hicb  jre 
tm(iortint  tothe  lUttoldUnTemt  and  UieK^ote.ipproprt.ilc 
eanditfatn  for  J'ede/jlaCTton 

Sifoilar  «]uemorK  h^vt  been  sun^idef ed  by  other  gr^Mp^ 
timl  41  greater  Itn^ih  dtiOn^  ibe  pa^t  Jtveral^e^n^nt  gen. 
^(ihtiy  v^nhin  ^he  nwt^  hmiied  v^nte\t  at  |)4rii>.  u^t  ^gcnv) 
or  ii.iimnj|  imtrc^i  pfubjemi  t^r,e  g ,  {i,  2*  J,  6« 
Other  njtibjni  hj^e  ^ncTdll>  4hIi>|X(i1  a  mi>»  ^umptthctuj^c 
«uid  uhiIk^  piniiwn  m  ihcir  i^v^iHderiiKin  ol  jn^lo^uy  iisun 
tei'  V|l  vtai  nut  ihc  jjfli  vl  rhn  Uvfkinu  OrouP  lo 
rejier4ie4hc  af^timeniioJfitCbiuuvMtidica  nor  lo  unJmJke 
4  detJi^d  fludy  uicMj  bM  rjihtr  ii>  ^^fnhe^i^e  projtlin£ 
itno^tedfe  jnd^^pei^i  upinmn  ji  mt/^t  ^ontprthrnatve 
^vel  *n  lejini  ol  both  iub;ci.i  nuiur  4nil  puwniul  a*^- 
ntriHiKe  foi  ihe  flalitm 

The  membenol  ibe  ^Vork^n^  f jroup  jk  jUuui>ij£idiP^ 
ieoden  >i  ^'^^■'^  ficldi  ^nd  fumbinecitenMveexpeiitini^  m 
btisinns»  fOvtAimcnii  Jnd  jirideiiiiv  Utc  uith  enperi^se  m 
ificn^e.  i«hnol(^y.  Jnd  induilnj^  runa|<ment  Thn  re- 
port the  ^^lltiriivc  rciuii  <H  ihctr  vonf^(r«i  0{)inivn> 
tre^clD{>ed  uverjtiexttndcd  period «1  time  rather  ihjnJrom 
iherr  mleme  btti  ^"^^  e>tjmmj1iOnol  the)»uei  m  ih(  con- 
text «t  the  Uor^mg  <jroop  jlone  Mofec^er.  (he  morn- 
mend  jirvn^  mdU  irom  thciunitdculJimijl  aino>.h  bi^uider 
set  ftl  <»uc\  jrvm  ^hhti  (he  t^wn  ^le^ted  Meje  jud^d  to 
has  e  the  jnvs^  importdinl  njtiona^  wn^qucn^e^  and  reqtiiie 
J  cderal  action  i\  Uiould  noi  bci^n^luded,  therefute,  that 
i»ti(«4jmittcit  from  this  Kpoil  jre  uhhoui  tnera 

On  hehjil  vi  ihe  AdvtWf^  Contmitiee  tot  LnJorinjtjoti 
^icnwcdiif}  T^htoio^yi  jndoi  the  Njtionj^Svicnirel  oun 
djtfun.  ^e  t^t  eipttA  appreti^non  tor  the  ^inic  und 
ihouihtiul  ton^derrfUon  ntetnhers  <t\c  ^vr^tn^Or'up 
hroufthl  Jv  tlieirtdslt  U  i\  ovt  hi^ptihai  the  jcjdtrsvl  thi> 
teport  HitlK*^  ^irtttitmn  to  m  n>c^^  ot  vppoitii'l>1> 
jnd  promi^ 


REPORT  OF  THE  WORKING  GROUP 

'  tmr0ducilafi  Ctvt1i2a(toti  ti  hmA  on  Utt  mttrpla}' 
between  nund  jndntuscle  StnctJimei  Walt's  perfection  of 
the  Mum  engine  200  )«ft  v^o.  technolOKy  hoi  concentrated 
On  JuPplemcn(tng  and  f<Pla<tn&  twiaqH  musele  power  by 
the  PO*er  *>f  enefgy-trtunitve  itiachlnei  lo  (he  tfOromR 
ccniury  teehnology  lureEy  eciweJ^^nte  on  tvPl>IertwO(- 
tng  And.  in  the  more  rouitne  eoAte^its*  replactng  hum^n 
tttenul  «c()vt(y  by  the  power  of  inforfriat)oii-)nteii$ive 
itiactiineir  ^ 

There  need  la  d^\^t  upon  ihe  m»ntro1d  ^tiingn  m  . 
our  liA:  \hi\  mtQimii^n  tethnolo^y  Kai  Jready  brought^ 
to  pj5s  TeKon}munK,j(ii4if»  m^Judm^  the  telephone  and 
teievjtion  md  mediated  by  the  »Tel1ite.  computers  large 
4indundJI.  ^^P>ingm4th)nev>  odeodiiJt^jnd  other  me^m 
rill-  fidti^  Lr£e  qiuntitin  of  infornijition  )n  an  aceesuble 
form  hjve  )n  tyrobuiiiion  changed  h<>*  ^nd  whether  matiy 
L>f  4u  work  jiid  rliy.cjrcjted  vjst  i^*  indm^ries  ^nd  forced 
^Id  iHiei  jnto  tFeeline  \  Urge  judjrapid^  B'^ovt)ngff)Clion 
L>rLhe  \m(rHdn  ivofkror^densnitiin^onttfrott^s^Ovitles 
rdjtrd  to  tM  productun.  ^ontmunicKton^  and  lrart$miruon 
of  mfdMijitiOn  rather  ll^nfrom  produclion  ofmilcrial 
g^i.  jfid  ihii  trend  tijlkon(inue(9JJ.J5ls  Aotomation 
I'f  indo^iri4l  ProdtHriion  uiing  intetligeni  robot).  jmProve^ 
meni  of  pgbtit  e*Jut4ljon  ^nd  worJtforct  tr^rnrng  by  me^ns 
of  computer  ^fmitd  instruction,  grot^jng  mternationjEim. 
purts  and  Cupurti  of  mformition  jj],  increajed  consumer 
4ind  public  j\vess  ^0  inrormatjoit>9fT(l  n^tion^t  ifefensc  are 
4l)  n^rcjsin;l>  dependent  ^dsinces  inforntstion  tech 
nolojj^ifchivh  b4i  begun  \m  jisumcitte  s(a(ds  of »  n jdonal 
imperativt  Flej|htcned  c^onofniv  competaion  from  our 
ii^ni  P<inncT^  the  ^.h^ng^ng  vh^r^^ter  «f  tbc  vtorkforce. 
vomPiitn  uime.  jindpr^leniv  i^f  perM>£i4l  pnva^)  ^realso 
pruduvti  of  the  /jpKl  vbatrgei  in  information  lechnology 

This  report  von>.entrdtec  on  identifying  i«pe«ti  of  infor. 
m^hjon  teshnoiogj  v^here  rnvrvhdevelopments  jppe  jr  to 
he  the  njuonJhntcrcft  but  are  tinhkel>  to  bepunuedhy 
the  private  seUoi  fuj  one  icasvn  of  jnolhtr  (he$e  insUnces 
u  .<t.n>s  j(ipivpr>iht  <hdi  iht  l-ederJ  government  p1d> 
jtti.t  4)ftd  >uppoth^e  joie  in  dLveferdtin^  and  koordindl^ng 
the  nc^e^yjr)  Je^elt/pmenL^  ^^e  have  tMd  to  set  forih  a 
f'cncjjl  fr»mewofl:  for  dechions  on  I  ederal  reiource  atlo* 
cjbim  which  ii  broid  enotFgh  (o  accomntotfale  the  rapid 
vbinfce^  dnd  varied  ^mplieaiiom  eharaclcrmK  i?f  this  new 
tethnoJo^y  ivhUe  HiW  fo^u»in^  on  (he  sever^E  partieiiUr 
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lint  ^vfktng  GfOup  m:ompoicd  ot  m|m«fi  ^n^fci- 
entiiti  Thai  tttt  Kjdtr  ihjtl  noi  be  lutpntcd     ftti^  thjt 

txtn  Mbi>Ji}fiJ  Jlt^ht  dttefiLioit  in  this  rtpurt  4lctpii«  ihm 
jmptf  c»noe.  \^Hhrt£drdLO  publit  polity  mu«3wtft« 
todlHvnting  Kpori  ol  LiuSilional  AvJtlcmy  S^rcnc&lMt 
tfompkmenii  this  on«  Oth«t        «4p«iilLy  ibasi  «nvotv, 

Th«  prticnt  tifit«  dppcjji  to  t>#  «tp<i;iail>  ptcjiihotis  lot 
tjking  jLtfck  ol  tti«Jm[ilic4tiOAt0f  ifirormjtion  tcchnulo^y 
^vtlopmemi  andtRtopponbmtm  fbt  th«Ndtton  mhmni 
in  (hem  The  pouet  of  mform^tion  procetiin^titdcTiine^ttat 
mcied^cd.  jAd  the  eojii  dtdmnJ.  lathe  pomi  inhere 
nucihiAei  vthich  exhibit  $ome  fTcgKc  of  "tnielli^tAt"  {\  e , 
iJccifton  mdViii^l  belu>iQf  jreifirefdingtttrOvgttout  wcKty 
lef  |I2J|  the  cuover^ence  of  c<^mputiP^  4tnd  leleeam. 
municjttons  t«hnology  jt  d^nttmuig  thiK  Oupmi^n  I  or 
iftitjnce^  it  ti  eipt^tfiJ  itijt  LQ  fnillion  i^ntehCdins  uill  be 
•"on-lirte"  tjy  ^nd  JO  cniUiOn  by  I5W  Ttim  it  is  not 
(00  M>i>it  U>  try  to  g^in  in  o>ervieu  of  the  OfipotiuitUtci 
jhfiO  jnt)  or  thti  gjpf  t^Tiibh  mjy  still  proere»  tovtjrd 
thtir  te^li^fttum  Jlut  it  n  jtM>  noi  >et  too  tjte  lor  pljfiitfd 
jnt)  courdmjttd  dCtt>ities  of  iht  pjt^jte  fecivr  jnd  Uie 
f  cJerjtfi^^ertimffit  to  fitl  tho^e^ps 

the  ^ofkm^  (jrottp'i  ic<otnmeitdJiiKff>i  rail  Tor  more 
mleme  HU.Ii^itK>  m  eiRht  j^eiurjl  mcm 

*  Iham  of  <.  ofnpuldtion 

'  KnouM^e  KepteKitUlion  and  t>clivei> 

*  Mjn.M^hme  Iftlerfflrt 

*  Sui4  A^rc  lUt^Juviiun.  M<iiiUnt4iob«»  sind  Ubyvic^\LniA 
'  V<r>  tJr^e  [)<itJhitfv 

'  t  luji^jtjllel  HjrJvkJie  Devp^ 

*  Re>ejtvh  Itifras^^ovturc 
»  S^h.tftjl  Impjvt 

[he  Ui^t^in)t  >c^liuDv  rKvcm  tiit^ii  dv^oplii>iK  ul  4hc 
ci^M  liceocrj^  Jif«d^  dn^l»Ociaii>  j^^MivvIji  piohuiTK  ^^ahm 
tMv|i«inQ  KthKh  Wni  ii>  ov  4tt  ^ j|l  ior  mlCn^ilkcxlciJiift  Ihc 
diwti^^it'H  bcficiv  AiLli  the  mt^i^mcr  jt  ^inO  Jt>^iij^i  t^1■»K^ 

M(thi>u^b  pi^ihkmf  nt  4hc  roc<irk.h  inlr jurthiiirc  ^nd  t^^rcuL 
implikJiiiifHi  diHrUvsexl  m  ^iinn^  H  j^d  ^,  ^le  uuuhIc  the 
pnnMpj^  trej^ul  cxpCrtnt  t^i  ^hc  rticmbc^^i^l  the  ^Vt«rkinK 
tjri>upi  Lhcy  jrc  ^ubb  v^jr  ^n^  pre^in^  impofLin^c  inii 
*c  ^mi]  uur^k<s  ohjj)^?0  ii?  UrJu  jncniKm  i^^  Ihnn,  uilKr> 
jivii  h  Jve  done 


lher«j04  4>rjil  dp(>lie3tioniorjftf^in4(jon(c<hno1ot>^*^ 
H  It  AQl  )urpf«rl!ig  tlut  thtortticil  mverti^itJonr  mio  the 
vomj>Ux4y  of  ejkuldliont  ihould  pliy  a  fundicixnUl  role 
\n  edil>  ind  diecifive  te  ult— a  tfiumphofpvre  thov|}it' 
ihjit  (be  dRitor»lrjtion.  about  SO  >eirt  by  the  mitbe^ 
m^tuj^n  Oonfet— that  tiottvtry  mulumafical  trulhtan  be 
probcd  Thi9  mc^ni  thjl  thtK  ate  nlnibtiOnt  tvTnCb  ean- 
ft0t  be  ^4ir^  to  comptction  by  a  computer  ito  matter  how 
P0*tifv\  i(  m^y  be  Sueh  coflcru Moni have  profound  phtro^ 
lopKib  implumont  but  fei^  praclful  eonicijuencctr  They 
hdi^e,  hiiwevet,  provided  the  incentive  for  tectnt  tfmtth 
iniu  the  computjlion^i  complciity  of  prxhcal  pritbUcna. 
jnJ  into  the  tea(^llbt>ctu«en  complexity  ind  accuracy  of 
compulations  forffobtemt  vthete  lome  d^r«  of  error  can 
be  toleraied  The  ugnificini  rcsutir  vthicJi  ]u>e  lUcidy 
beei)  obldiitnJ  ha^e  immediate  application  to  proUcmt  of 
(Itta  tvcuril)  and  privacy  l^y  lu^e  had  a  nujor  influence 
tn  the  ared  of  oplimi/atiM.Tnd  have  grcatf^n created  the 
4i/e  of  problemt  that  ;kre  routirKly  roLvcd  lo  improve  the 
p«foen>ance  of  v^noutcommereiaK  industnaLfovein. 
nicntar.  and  jcj^fernic  operation)  jnJ  rytlemt  Further 
progfoi  ihij]  ptdy  i  rote  m  $igc)ia)l)C<»niputatk)n^  ia  paralld 
tomPulitwn.  Jn  thcdetigoof  contputeis.  2nd*n  slrucrurjn^ 
mformitron  peomiin^  probrcmj  k>  (hat  ihtK  computa< 
tiOftdl  rc^uttcmenu  can  be  elltcienlly  met 

Becaute  of  lU  r^ng-tcrfn  nature  and  universal  diatjc* 
termite,  tCKJrcTi  in  the  theory  of  computation  ir  primarily 
condtKiCit  um^erfity  icitnmu  Jnd  isrupported  by  f'ed< 
eral  g/jnit  U'hikthe  imponanceol  continuing  re^jrch  in 
iht)  arej  jppejlrs  to  be  genet jllly  jdmitled^^e  believe  that 
4  more  intend  effort  mil  repay  the  relatively  tm^Utfivejt* 
ment  i^^mrcd  and  thjt  the  jpProprtjte  I  ederal  a^enerci 
thuurdfiKoitrj^e  jcLtvti)  m  thtt  area, 

time-  oiAy  biological  sj  itenia  an  *Jeal  vnth  eomplei  knowledge 
()T±jblenis  SevCMhdieyt,  ihe  humtin  b.ain  jppejrs  la  func- 
tion if  It  v^erc,  m  ef  fecti  J  eonipfei.  highly  pjrjlM  com* 
putet  This  ejtabluhei  a  fundamental  linV  betueen  ihe 
aMirjci  eon>iderdiiort±  of  the  theory  of  compuiaiton  ;ind 
the  mule  «onefcte  bul  equ JQ>  fundJi^ent^l  reseudi  iluaiioni 
rcUied  to  how  knowledge  i(  represented  m  the  brain  and 
how  uoiif^hi  iKrePrcsenicdinthemichtne  the  cjue^tion  of 
immcilidie  pr^^ticil  tntereM.of  cour^.  i)  hoH  torcptttcnt 
knoi^*nJfcin  j*jt)  ih^t  thenuehinetin  UK^ully  man^puhle 
jnd  thil  win>  njtlur^lto,  Jnil  gjn  eatib  bcu^cd  hy.  JpcifOn. 

\-i  ihQ  vompletil)  jnd  perlormmte  of  mierocleLtrome 
%irvuii>  invicj>Ci  more  po^cr/uL  aj>i  lo  (tfpplemcrit  jihJ 
joi£nivnt  hunun  piirlocmdnkc  ^i  ^rejv  invoking  progtjm 
ijkiii^,  dfv^s^.m  mdkin^^ifcMgn  ^nd  <injl>sh  ofcupejnments. 
^niiw<k4iu*ttvnftl<hi4  hfttrmc  pvtubic  r^uaiiy  fUpw^jn^ 
pitt^ick^  ti4  ■rhicj%in^  ihc  fffi^fCn^y  uf  %ommun]>j1ion 
ihv  nt.m-iitjvhini  micifjve  by  ii^mg  htgher-lNe[ 
miiiiifijhuik-bvdkiii^  ^UtiLlmo  kU^h      ndiurji  JdngUdgC^ 

hvih  vnunn  jn^  ^p^ij^en  J^urml  dnd  grjphK  rcprc»cnl<i'- 
itun-*  IhceJi<vtuene^v4^l  ihese  mei^od^  depends  lo^ljrge 
oteni  (-njhe  thilil)  totnmfer  knoufedfreandinformilion 
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UQfnani  rcprC^cnEjtuinjt  \tiim    jn^ihcx  JiiJn  tiiuiu  jitirt>T 

ili^l4M  ■ittJ       iii>iitt^^  Ht  '^l  |]«t^4^V^       ii>  ii^l^^  JflJll  LiflJ 

kill  lit  ic^iitc  icprricDidtMn,  diihvu)fl>ic>vj(kh^jk  KktWil 
rrtibicfn>         -J  ivii^c  jjiiitbttli^li;  JiilfktFVt^^  fvlmfi  ^rl 

jft^  j^iJphik  di^pijj.  jiid  \ivt      Mi  jritlikjjlinici 
iniAiit^  tilt  4nii>'n^  drni  ^jiiiju\iii      idt^c  t^u4nuun  ,ti 

ihc>  mu>i  l>c%K^cd'i>  the  prvJLi^i^^l  J  fiiimuve  kit^^^ 
edge  engiA«fJn£"  which  thui  fjx  l^ckt  the  Kienttftc  bJV 
whikh  Moiild  «n4it>k  ii%  fulLP«>ienitjl  iv  he  KJlk^ed 

^nUiHirt  ^iL  knLP^kdM.  ^hcibti  in  ihe  tium  *a  ^n  tht 

liiin  jfid  fKi>iini|tDn,  jn^ 

*  UF^der^tdnd>ng  Ihc  relilt^n%hip  bclvveen  Ijn^ujge  anst 
tricnul  rcpreunldtlont  Tino^ktf^.  inJ  m  p^rtttu 
tir.  b^Ueeft  Ihc  uf  uclufC  of  tjuestnani  dnJ  »tofeJ 
krht^feifjte 

Amuni^st  the  v^riou^  unsoc>  chjnncltJtv^ilableio  people 
Tor  tof^tnitiiiJC^ion.  ihc  vt^uar^hinAcI  hat  b^  far  ihegrnte^t 
%dlMviiT  rhi)  jk  ihc  xvfivun  ihjt  ^fjphi%  Ji^ld>^  hj.e  be 
^ifie  pvpuUt  Jfi  Jiifcfi^ii^c  itun  m^hinc  v^mfnunuliMn 
JJu4e>er.  if  informjlmn  commui)icit«<l  »M>  trj'  dis^ 
l>lj>>A^  tett  jn  J  luitiTjt  lao^u^^T  ihen  the  hi|h  pcmMwl 
chdJiAcl'^jr^cit^  of  ihc  viii^n  s)^tcfn^s  *kf,tnS<^  w  \b4t 
Ihc  vHc^iJ^e  Ljpj^ji>  Ik  tiH  grulej  ^hjn  iKjt  l*!  ^hc  ^peevh 
4hjnfiil  rhCinUi>d(iclion<>fin^J£c^JndJ^iti^'itolexti^>ift 
in  pfj^e  of  KiL.  recapiuxe^  the  jJ^Jnla^^oftheNod^hanJ 
i^MM  ^\^Mm  lho>c  *ho  lAjJ  "one  pieiuie  )^  ^«Orth  ^ 
thuuuflJ  woKir  knew  thereof  the}'  (ftoke  thiB  there  Jfe 
^pcciAl  reseiah  n«4ts  tn  the  ittidy  of  lAtCfictf^e  gfiphic 
Vodmmunicvtwn^^PKtdUy  m  unticntjnding  hou  to  ^ub. 
\titu1e  grjp^if  m4  ^>itibohc  rormi  of  oomniuniedtion  for 
iVit  ind  ho4  gfjjihtcjl  jnd  imAge  infornution  ^houhl  he 
o^K^ni^cd  for  ^dfAgc.  rclrre^jl.  jnd  diipfj> 

Yhc  Vtfi  lag  (itaup  biUnn  ihji  there  f(  mtufficKnl 
fc^rth  in  ihe  bfoidty  con^runl  iruof  kr>04|.i^e  lepfc^ 
^l^wifl  {4fi4  ntore^h»^Jl>H  jiriificu)fnLc%erKe)  and  that 
e^KlfW  efforts  could  be  bcttei  focLi^veJ 

4ht  pcrtm>mjn%e  ml  vvn)puiti  bdM:d  %^jieih>  hjvc  pnhjp^ 


irk4%Ud  \hi  TjU  4hjl  t<^crdrdr^4iLhJ^k^  rtdf  ritjde^f  lufi 
vi  Uiiddfiicftidi  jJ^dObev  in^^^^ra^\Mvn  mjthiM^  f^^t 
dnd  pjevi>c  jnd  iM  Mgeu  Peopk  jec  tlo*  ^^ni)  jnjt 
%uijie  ^nil  hii^e^  ^er>  fmntcd  vdPJuif  fvf  vhvrt-ierm  mcinvr> 
jitjli  homdn  i<ilurmjiit>n  prihnttn^  hitiiUimn^  jjc  bji- 
j.Kcd  b)  c^^fiiivitjL  jbihi^  cu^b^trdki.  s^nexdli^e.  jnd 
^Ji]lhcv/v  tii  ^  chiac  pft<n>a  /(H^  fodihtiTj;  the  ^rh^rwJ 
^JJt4^■lJ  ic<t^vi>ediv  piiHrC%>  jnlormjtmnwlhdi  re%uh>  vdn 
I'c  jiiatl  i^pfdU  envu{thii»bcuf  uvc  Ihejc  dbiliKO  4l>o 
Kiid  \*j  jeduijc  ihc  ^ij^ifKdn^e     mdiMtludl  erx^r^ 

I  tinump^itjry  kompuic]:sk.innLi1  jb^trjvL^«RrfdiiK«  or 
s.>^iihk)t/k  ^^.iiij  )i|^iiihi^nid«](ree  tbu^ihcnutnpxubknt 
^vn^trmn}^  ihc  n-in  jnjJiinc  jnicifi^^e  i>  m  mdkcihc^two 
*^ir  di^Jtrvih  mi>d«  vl  jnloCjnjiii>n  piih«>inguHnpjubk. 
n>  mn\ti  ihc  ifnpcddrKt  j^rou  iht  xicctfj^c  ^jn  ihfi  engir 
jjcci  )/Jr|;^ni  »n  vrdcr  iiJiti^ke  Ji  irjnspjrent  jnd  TrjeitdL}. 
wjih  ihc  mKni  enabling  ihc  nutbine  jo  ^orrevi  nun- 
)ub>i4iiiKC  L>|>crji4i  ninukn.  jnd  iHherif^ix  for^%c  hufiun 
fti^is  #d  jddpi  ti>dl  ii>  huTtijn  jhoujfhi  pruueivH 
ttiilhri  ihsinfo^uiMn^lhc  hunun  uxr  louKunnjiurdl  jhou^l 
Pxoccs«s 

tht%  fjohkiD  t>  uimpoxd  of  j  number  of  more  ^pctifK 
^vHrdi  tht^uniwn:^  whhrh  jpf^ejr  lobe  fc^eivtn^unl^  hmjied 
~  jucn^i^n  SiiKf.  prupk  itmnidD^  ijummunhjic  uung  i.pokfn 
jitd  wijiien  jijjuul  Ijngujgci-  bciiet  uiKfef^idndiJig  of 
hotv  hn^j^  kjn  be  ii$«<l  to  communKdie  ^tth  itiachiitfl 
ttimJeJ.  ]h»pdxLinj|jrl>  important  lo  K'iuee  the  tnlexfaee 
bjixKr  Un  ^mten  mjteruU  in  mjikhine-K^dablc  fofm.  Lir^e 
dfnount^  or  ti\\  dre  now  dvaiijtik  lo  nv-rcj Jljbte  form. 
Ai^oeJ  proCdSiit*  s^tiemv  become  mflre  i*ideJj  ^iToP^c^ 
fhe  jntouAi  jvji  ihk  bj^-prodiKt  HtiII  rjpidlj^  incKju 
IL»  clfeeti^e  e:(pkm3ilH>n  will  depend  On 

1  Kecognitmn  of  ihc  tfsiPOt  l^n^  of  pro«  idf  n£  f1  jnd  jf  J. 
tftd  fnuns  for  handling  michine  lejtdabk  rutural 
Iytngii3£e  tett  nutexi^l. 

^  Derinuion^  vl  uvkk  jnd  i.pe<.ffiuiiDn3  Tot  rne^rch 
Jctidiiij^  itt  Lhe  tic%ign  vl  ^encrji  ttx\  hdndliiiE  ^}>tem^ 

^  E.fTracnt  software  to p<f  form  thclfCMrnl  tCJtt  h^ttddng 
funclft^ni. 

-1  C%)h%enKfli  humjn-JjMvfvengtneered  jermm^k  jnd 
Jes1itOps>$leAt^ 

thc^e  facfon  leaJ  Lo  a  number  of  gCjiefal  leseirch  topics- 
Ke^ard^ng  the  rmniediile  fuLuK.  U  ^oiild  be  deiirjbk 
10  ifevetijp  n^fhodj  To;  the  fcncfil  retficvjl  orinfornution 
jfiJdjU  Items  from  u%l  by  v¥ord.pfo«uin;  l>items  Thi$ 
could  lejd  to  wiife1>  di^pe'^  and  febtiKly  ineipen^ive 
^»lemvfor  ihc  elective  diu<minjtion  of  inromtation  ffOm 
ffKdl1>  trejled  'ind  mjinNMed  te^t  colk{tion( 

In  the  jrej  of  the  human  iniexfacv-  there  are  important 
K<<4irch  topics  concerned  4ith  ihc  evolutton  of  Ciifling 
tCihnftiuev  into  more  eomf^flaMe  jnd  r>jluHl  macftine 
^>^em>«  Hith  emphj^iE  on  JcceiMbiht^  to  non-spccijittt 
(^cn  jnd  pjrtieuljriy  on  jJjptive  mtciffcet  t^fhibTe  of 
bewintn^  m^KJufl^ly  terse,^  ihe  fxeitucni  uur  jitd  ihc 
mAh^nfgdin  Jjmilijrii^  wji|iedkhoihef  fhetrf'lud^  woutd 
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dStf  hetft  iSetine  the  fciiuiremenrv  Un  rc^urtb  in  iufhts, 
lernjf  ^y^m%  ii^^lul  Jm  tliicct  processing  ot  SupKic 
Vime  ^uadifiKntdl  rebirth  an  iuO'I^j)  interface i  giber 

luLural  tnterfjtci  fhi«  40ultl  include  the  e^ccrEionJlh 
import  dnifijlurjl  tJin^ut|c  if^iiCinful  jnj  giiiput  ly^lemi. 

^jiiiuii  nfKjRi 

\U\\Ut  rnveslm<flU  ha^e  ^£cn  mide  jn  ^w;irc  prqMKtJ 

lorctjnipK  ifhighlvfdMltel  m4ihine  jKhilct  mrohe^ 
cotne  poiiihre.  ttx  ttjui^proh.fm  of  prmidm);  Wmdrc  Jgr 
iu«h  mjibm?^  rmds  to  4k  jddicvcd^nOne  jpprojili  hjs 
Eo  rfc|(i>fe  rhJi  evert  fitjchine^  rtrih  Jieu  jntiiiiffeeent 
ihftilA.lbrc^  V^puM  be  Jbtc  lo  run  foKi^jre  Mnlien  tn  cuj- 
lenlO  popiiUt  Unjtujjtes.  tnilejd  of  [equirmg  tpeeu^ 
lin^uif^t  ftijt  eoni-cfi|  needs  u>  b?  ^LiffliiiAcd  tl  miftht 
heinoie  reai^witilelohji?  JcomtiiriTil  [c^fjfehKuvil>  on 
jpchiteciure  acu}  voftv^JK  nhith  ^iiemfK  ta  keep 
4jre  imihlent  within  h*punij)  The  ilp^L^jk  requirement 
t<>u1d  bf^epl  viAhia  lirTfbtseillterh>  reituAhngihAtct^itm^ 
pio^ramrttm^  JjctEu^^ci  4Uii  frotgrjmi  uvihle  nt  h> 
ntmimt/in^  Ihc  pru^rjiMmin^;  prubfeni  K<  nunncf  if* 
vhiih  nci^  mjbhmes  jrc  rj^im/ed  Soiifijfe  higujig^i 
rmd  not  1^  eltnieiitj[>  «  4>  n^cit  not  (V4fcsi^cdsimp1> 
(»i  fhe  he^mncf  buJ  r;trerrjfj     be'effiereni  jnd 

tiifnli»r[.ibte  to  ti^  j(  jii  tc>elsOf  ^kiJL  A  ^dft^dre  t>i^em 
vjtfi  interrriEcd  In  j  ^rc>Jdcf  >«  tncluile  ffjijtu^ 
sWcint  nhidh  UK  tntcr^ft  (.ttjrj^i^rntics  Jnd  vwnz  iniciiul. 
MipbiiUijled  Je^eK  of  pfmevi^ng  lo  permil  exirjilmg 
tno^fcd^  x\t  irrlmnt^tiofi  fi<*m  djld 

fh^^ugh  i!k  >ejrs  IheTr^tiun  (oljl  tnlofntJEiOfl  s^4emi 
i4Hti  dcv4>led  ro  Ai^Hnjle  developmfiit  jfld  njinlenjncc 
Hdi  bccn^le.id^Iylnaejynt^  lltelje'V^JeetHlsofv^lwiK 
-ire  flot  tfe-lrli  vndc^vl^d  The  baM\  \<M\  iiiv<^|i^  m 
deieliipiflfi  <i  {Mo^t  jm  tn  firvi  (jIauc  :tre  VciO^n  lo  be 
lerv  hifjti  lliiMciet.  pertijps  l  uf  (he  MjI  tife  L-u«t 
Hi^Eii'inc  II  {fc^ki'Cd  fii'iiiiJpning  jnd  updMin^  cxi^lirr^ 
pfiTprjm  T hiv problem  iiu>  Kcr>iri4^iildrl>  extreme  within 
the  I  ederj^  finernmeni.  aht^t.  t>rovurcnqent  |Hirkifr\  icnd 
lutj^ur  rclenlpvtn  »i  uhwfti^xftl  hjrJn.ire  ^cht  Ihe  JwgtiuiteJ 
utHwji?  in'ienKpr>  [^  Thm  fc^^jr^tt  untKdcdon  i^tt  n-f? 
n4»nii^iuniCt|tKr)i  ei  o'^^nouipfwurflncnl  And  ^ijndirdr 

filliffi  pjlJtfCS 

The  ■luc^ljrtii  of  idHwJTi;  Jevc)t>p;t?[i>r  jjtd  tD^ntenjPce 
ii  >■  leiejfvh  d[et»wlH>vCA.onomh:  mtphc^mufis  i^itl  l>Ctoine 
of  s;ruiijl  im{)i>ti4ncc4i  live  njliunjl  tnieilmeni  in\onwjrc 
i>in[ifluei  EO  ptim  Jtid  ihe  friuign  tu1.il  inrgrmjlirn 
t>stemi  cKHti  ifcvikicd  tt>  tt  ^fimbs  even  more  rjpidl>  In 


ilK'c  *tr*M«ntjflrti*  ttWttJcutjig  sjSEivjre  etp^Ul  nijj  hdve 
4:v*jtH>mi^  tuilMWuen*t*.tiuitf.>.*Mnpjribl<  jho«t  tif  ob- 
Htte^^ing  ^iie\  nitlK  ur  t>lher  (ifMnurjCEUEinj;  cjpiEsI  Peo-^ 
du(.1tvil>  md>  tn  Cict  becfime  negjiive  in  tli«  (on£«term 
oijmtenjnccuf  Jg^ngMiftiidEe  It  i),hoiiever  jnipvfljnE  eo 
EA.g^ni/e  thjt  ifnpite  tftef  ruMcm^  noteJ.  the  UniEcd  Sej^ci 
turrinib  hji  j  tgnside'jhfe  conrpcmLie  ^^unij^e  v,ith 
ic^p^s-i  lusher  tounttie^tn  Hiftud  re  development  LlTart^ 
iliumd  be  m  jdc  lo  AiJinljin  jnUcntphaiire  th^ta^tantjge 

A  t'//y  tjtrgt  OafiititFts  The  j///  vi  i  djijbjw  a  i\i 
doniiiijnl  blurjttcriitic  t.ver)oneknou\  iKjl  a  ^hellfi]|ed 
Miih  tiipukmrjp^MMiat filing Cdbiftctftllnl  with  documents 
IV  A  (.on^emenl  ^otc  of  tnformiiHUi  lo  whKh  ihe  utcf  hj^ 
jmmedi Jte  dcceiT  E^ui  9  l»r[C  bbrnfj'  or  fe?ordfj^1it>,&uch 
js  the  rmife  thdfi  ^Rtrlliu;!  voftintc  Liht»r)  of 
ici^uiv^teni  tu  jboui  *t]V^  b>tci  of  mfprmation)  or  ihe 
m«fd  iUM^t  di<vtti6n  of  a.  littfi  corporjiuKi^  cjn  be  it 
eHectivf  a^en<r>phun  m  fotedotlnga&X)^  to  detired  mfor- 
nulmn  ufilev^  a  it  equipped  nttb  wfthnticjled  data  nlin- 
j{tetncnt  Jfld  infofnutHin  rclrtevjl  i>ilcms 

A%iheii«ofihc  djtjtHw  incfea^<*ljrtjne^*  hisb4Jeniiiy 
Jffu-ewt  stmj(jtfn)eaf)s  Hithj*  vjd*oJisk>b<cpjnegert*rjII^ 
jvjiUbfel.  thepiobfeRtt^fifesigmng  ddequaie  tetrte^jl  und 
nunjgenunt  ^y^iems  inctciu  also  If  ihc  Stored  infotnta-^ 
ii0n  n  beter«gcncou^  as  normjl  «frice  itt^onh,  »ienllfk 
jnd  technic^il  tnfurmatt^ni.  et^  dre,  lbe<ep~jbFenie become 
ftiH  jnorc^mpfex  Thc>  mcfuf^e  »t  h^n  iht  foIlOHin^ 

I.  Hum  to  ierjr>  thciunsi^tenc;  ml  uitd^letto  jnexiitm| 

2  llo^  tofiuke.KbC»tuaddlibjscnioren;ituri).r4tbcr 
ihMihtwsh  the  ii^h)J>  di^ipl>J^c4f^ujrmcflh4.m- 
Mt\\y  i^pkjI  nl  ij^i^bdve  \)<lemf.  wjthout  uiuju1> 
ijtfifte^ng  i>stcm  pefftam-iice  ^ 

y  How  {o  ^onfi^urc  i  $>^tcm  dnd  repKV:nt  djia^O  J.^ 

10  jnetej^  tht  over's  ibiht>  lo  eutavt  mformjtion 
from  the  ddlj 

<t  How  [0  deielop  mdhixltlor  qtuntiutivclv  jnd(>jing 
Ihc  hjrdwjre<  wAvJre.  jintt  perrormjni^e  co^t  «f 
djtdbj>c  mjnigemtn)  .ind  inrormjffjn  Klnevjl  iy<^ 
lems  j\  p^n  of  the  design  pro<cv^ 

^  Di^unet>  oroplinidnt  techniques  fur  managing  Jis- 
tribuleil  djtibaici 

A  kc>  drej  ol  lurrent  djUjbdine  KWdieh*  m  wht^b  mjjof 
progro%  sjn  be  inijcipiictl.  i\  thjt  of  designing  storj£c 
dntt  tetrieid^  4  singcmentt  thit  un  -mpport  j  >jricly  of 
*lMjt  rnottcJslVt  etiedb;^  u^vitdthe  tcijlcd  f»m;oNlK 
dh)iit^  twtrjndi  JroRt  one  pie<cxi94ing  djltiluw  lo  jnoiher 

Some  other  to ^jFth  l^ui  related  toljrgc  (Jdtdb^ises  Are 

*  Kc^fifrch rn ctintpuijtion^llinfuiVlKS  aulontilmg (be 
)^ jmm^ttcjl  jnd  mcjninKM  m^mpuljiltoii  of  nitur j] 
fjngiugc  « 

*  ke^hhon  l>pi^l  mlcllcctu jl  4ind  comiitercuT  me  of 
jnfi^Xmdttofi  nows  ubcrc  i(  n  obtained  jnd  h<itv  ^1 
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J  VhraparatM  tfarj^art  D<itgia  Rctcjrch  opxs  in 
tht  itta  ofhjrd^JK  cjfi  loms  on  j  number  of  reaJ^rnahl;^ 
o^KhH  directions  OmcuOtild  b«  in  the  irca  orwmpQAcnls. 
ijnilvfihc  ph>>iejl  pbef^omcnd  undcrl>iny  mvt  methods  tor 
th^ptcntcnttnfl  JigiUl  hjntu^jrc  s>sKms.  Ifv^cvcfk  il  tp- 
thji  ihc  voflinicrcial  »ciof  is  vigorously  Pur^utnE 
lhsdir«liOn.  oitd  the  cap jbifjtin  jitd  jva^Uttilily  ol  mtc 
grjtcdcireuilr>  ^cllinadvjnreol  imjiro^nt^yttrmjnii 
ntJchinc  jr^itKlurjEcoiif^ftt 

One  interesting  jppro^  towards  e:tploiting  the  a^Jtl- 
jh^lity  vf  \it$e  numbers  oi  mtcro^irwe^s^fs  ^ould  be  to 
exffktre  the  (vndtnKtiiti)  propertta  o1  hi^hl)  i^iaiklmKhtnes 
(l^h  Thnt*  jnjTurJeilrapoljtionorcorfentSfmKon- 
Jurtdr  thhooto^  Compuiin£  ty^lenis  compoted  ofhr^e 
numlKrs  of  itfeitt'Cdl  ekmenis  are  ^ilc^U>  suited  W  current 
tedioiqutt  m  temicunJuctor  procemng 

One  oblcclue  of  j  highl>  pjraUtt  system  be  lo 
bj^eproeesling  Ew^ergrow  ntoie  orinsJinearl>  asprocej^ 
injeelRiteitluK  jJded  lha  ^outd  ftquuedmodeit  num- 
ber 0i  difTereni  t»>o  ofekmenti.  each  destined  tvcairy 
Otit  a  ^pecil^  operjtiiin  vtith  giejt  efficiency  If  otie  uere 
jbte  ta  pruviiJ^  pros.v^fiiig  power  4tir«tly  tn  proportion  to 
thr  jdditton  ol  ejM^V  tepluated  hiird44re  un\%y,  n  ntiuld  r 

tejtible  til  evi>lve  i  Umti'jf  vi  vitab^w^i  mlorrrtiTton 
^>tiemt.  fdnjiing  troD  low  to  highj  ^ith  pf^Pt^tionite  oj 
ettuivalent  ruiget  tYt  pttiteitin^  ^jp^bi  lines 

Ttie  Jevelo;intrn^  p jrjUe^  ^imrulers  h js  pro^erilfd  tn 
jn  e^oMn»nir>  vtj>  tif^e  iheejtl)  Correni  NASA 
plans  cjII  tor  consiruciio^  ol  j.  hight>  pjirillel  ^vmpuler 
jdjptrd  ta  Duid  djiumm  ukvlJiions.  Jnd  the  Jjpartne 
gifirtnment  h^  ^i^mmmed  ukM  tu  the  de^etupmefii  vi 
v^^ijA  ^tll^otc  ^Mvr/ut  pjrqikt  mjkhinei.  Bui  thc» 
prO;if^(ldtchiieOure»jfe  »pa.ifH.atl>  jdjpicd  fur  ^^tentitr^ 
cvm;iut4tion  jndjre  onhkei>  tube  MdtiuiieJtasu^hui  her 
^mpottant  jpph^jtit>ni  ^tjta  manaiement.  computer 
grjphh>.  Jn^i  tattler  vvmfiJc^  Ujk.i-mien>^ie  pt4A^m> 

\Ik  JhtJii;  iu  put  lu^ethe^  Idt^  nuinbt^^  Prv^v^m^ 
elCFnr»i>  tKed  tiut  be  von^^ne^  iu  pat  AUi  niditb^nt  i- 
ictr^i/ie  5cicriiL  te^ji^h  Mi/Jres  Je jj^ni^  Miih  Jil/crcni  wn- 
sei'ttvWvh-ikJiJii^  piifte>ivi  Vf  «jijobk  Jriv'iht'ldelrmciu^i 
hi^(>  [cUunddni  -^^^leiiu  vi  jdo(>ttsc  logti  tc^h- 

mtfuct  ^jvc  tKcn  undeio^eji  dusifi^^  ih^  Pd>k  i  dujdc> 
Scvctihclew  ^hjusc  the  4S4tlobiiu;  ut  me^p^itki^e 
ml^f*^^r■,rvv^^tni&  clcinet)k>  ihc  ^uiAcn^  prj^tib^biltijf  iJ  tm- 
pieiiKimnKfTui^)  Kt\  itK%c  >:mw>  nijk<\itle4iitrkrt^t  wme 
vl  th«^  4iitcJn4nsc>  lu  be  ^oi«d  ^nd^ump^ird  jg^maejsh 
u^bcr  un  the  iMsis  <j|  icU^tscI;  pugmjii^  pert^imjjise 

A  ^^lifHl  JK4  in  uhuli  icvui^Ji  «n«v  mashmc  jfb-hacv- 
tvic  irUuM  eiKuuibift^  IS  fn  ^Jimus  fOfrti>  itl  mcm^ny 
mft^nif  j^iiMir  itntudiiDt  ^eJi  kiiKwn  ^ct  tiny^Unt 

(>rvblcjiis  jitiut^t(}K  4^MfLi4Si4t  niemt>Jt^%  ^uth  Aic/ntmc^ 
^'uutdul  ^uuivc  luitii  one  inielki^m^  %uI>>^^ctiii  lihvre  kvOI 


pkJt  itorjge  4nd  retnwdl  pronHing  ti  perfoimtd  m 
environment  stp^rjte  from  the  hoit  cumputrr  jtseir 

There  4«  «ftdin  eategoriej  of  ««i«h  ^^^t  whieh  fur- 
Ktfl\y  avjiNbfe  e<|utpnlent  is  not  ap^iropnjte  ^nd  whrie 
Rrjlkf  processors  may  affoci  special  opportumtiei  for  a  ' 
sipnifiCJiit  advance  lf).ghl)fpaja(Mpr<wtsiof*who4ejrehU 
teciufe  IS  speetfieally  t^thfied  for  modelltne  neuuE  and 
ei^niti^  Proce&Sing  m^  provide  a  j e^luitooaty  advaitcc 
*  m  eiiKrintenljl  opjioftvniltes  Tor  inv<itigatmg  repretenta- 
'  tionsof  &ens^yinrormjtion<«ndinparttcu1ar»af|hevisiOii 
system  The  photosensitive  rccc^jtorsin  (he  hum^  «>e  hive 
A  combined  nVjnnel  ejpacny  of  the  ofdtr  of  10^*  biti  ptt 
^second.  thefovejleoncs**liieh  medute  color  viSiOn  havea 
'eSanner  e jpaettjf  of  jbout  10*  bits  ptf  second  In  order  to 
Simulate  human  vision  mformjtlon  procesimft  m  leaNtme 
(ie  ,  at  the  human  ratej  with  a  s«4uenli)t  con^puter.  a 
lUKhine  havii^  j  e>ere  itme  of  lesi  ihan  tOr**- 
A^oufd  jppejf  to  be  required  The  feal-lime  fe<iuireme(it 
cannot  be  guen  up  lightly,  bcc^tue  cenam  jppliuiiDni 
wherein  computer  vjtion  i>stems  mterjtct  wtth  j  human 
operator  m  real  tune  mutt  operate  ^t  humatt  ^petd  Cur- 
feni  tmerowmputers  have  lypjcal  ejcJe  timej  jn  the  ringc 
10'  10'^  sec  <  which  suggCAU  ihdi  a  highly  parallel  device 
eon^itttngof  10*  or  mckre  nttcroprocessorsmay  be  rteccssary 
for  mejnrngfur  r<ir  <ime  coniptiter  c^per  imend. 
*  Informaltonprovesjing  Performed  b^  the  centrJ  ncrvoui 
>>^lem  IS  no  less  i^umple^  RcatitlicsimulaTioniandc^pc^i- 
ments^  whoie  moitt  wtll  Also  Jead  to  jmprovcd  modetsof 
ncurophysiologieal  and  cognitive  funcl^onmg^  wtll  demand 
even  greater  computing  powcj  And  it  hai  jlrudy  tKeii 
rcmirVcd  thjl  the  gtcalest  potential  gatni  rr<.m  the  use  of 
mrormation  te^hn^log^  wjllconltnue  to  come  from  iti  use 
itj  ^Lippkment  hon^jn  menial  A^tiviliei  .The  provis^nof  a 
rddKjll>  morr  pouerful  tool  for  mveiligatingcogiiiliseand 
neurat  inTufnUtJun  proceiting  is  pirtK'ularly  important  ^n 
iii^rlrjatmg  progreit  low^rd  thai  goal  and  tow^ird  a  more 
reiliitic  View  i>rthe  true  eomptejtity  orinotogical  lyiTems, 
cspectalJy  the  humjn  bum 

In  ihn  neiiion  hardware  aspCkls  of  parallel  pfotmmg 
hiiG  been  diM.uj&«l  'Che  ume  may  he  ti^  for  taking  a 
rcivluiioHiif^  fdthet  than  an  Cvoluiiunary  sbep  in  thediKv- 
Uvn  ui  parallel  piiheising  tnstjrumenutikjn  lor  ttod>jng 
^u^niiivc  inluimaiii>ii  priAC:iting  and  i^ci  ^ompk^  ^om- 
puiing  utks  by  unilertakm£  i»  soniuu^t  a  mj^b>ne  son- 
^1  d>iiidny  j>  10,00^  iiiibfoproteisor>4tprrOpriJtely 
I  ni^r^on  netted  Thi>i^4Uhinthe^apibilily  or^orXent  thh- 
tiulMgjr  and  IS  a  pajtivtiiarlj^  jttro^tive  (io]^ihilit>  (>c^ause 
^oinPuung  s>hism>  «hat  ^re  imposed  uflar^ numbers  of 
mici^tttvt  <Jcmcrtts  jre  khe  kind>Lr  whhhsrmisonduiti/r 
tcshnuJgg^  ^>  fn^ii  ^uiiabk  Thus,  f^^m  a  har^Iiiare  point 
o^view.  ii  fsiureiy  the  beit  ^^ay  of  m)ximmngihecomput. 
iRgfH>W(f  per  The  mam  plubtem^  whhh  wtllbe  en- 
voumcfCd^i^Ob.'efnh^M  >thh  a  machine  wn  he  prvErammed 
hi  pciJ*^rni  4  uMirul  range  of  Usks  \\t  LherefLtrc  Jlrongly 
^uppiiK  kiddies  undcfiaken  lu  in^e^ugakc  the  ocehitixture 
and(>iugiammingftrt>bkmha>vjujWd  mih  ^ixh  olu aparalkl 
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pf^»«>rs  ^itit.  ihvitld  ihcii  ^im^lui^uiit  he  pni mining, 
rnommctid  ttijlhi^h  morttj  bcghci)  mihcir  vvnuruv^n 

i  Hmar<h  t/tfraumaurf  R«earch  jdvancci  in  tnfor- 
fn4Uun  ltvhfiulo^>  jftd  relatedfWIiIidcpendDRin  adcj^tule 

jncm  jn^jnduiit^  thtn  hdi  bcfn  4  Proto'VE^  d^ain  vruttiitd 
tfttcilifjl^rt  4Hj>  front  itni^fenil>  rcMjreh  *nd  icjchmg, 

numbeolgfuppljviirrcnlor  Anuu[vjiedn«Ji  Thcieprub 
Jcmi  h<i»c  been  (fesvribcd  m  deldit  for  tDmputer  vticnic  [f>\ 
the>  e^tcftd  tg  ihc  rebted  Mi  ormrsrmaitftn  science 
jnd  cogAitF^e  &0ence  ^ 

Ihi^  \Vgfl^in^  Gfobp  jul>pi'rlt  the  ^ncluiiunt  of 
j|.|^:ied  ig  ihcbriuder  lorIc^I  afjll  of  ihe  iftrDrnutiOfl  jnd 
en^ineertftg  i^e^hlCs  j4^ed  to  inroirTiulmft  la:linofD£>  jnit 
rbtjm mentis  ihjl  ihts^itiv  Prohtem  recchc  the  urgent  ^nd 
L«hir<[iR^led  jttentiun  oi  the  I  edcrdt  g^i^ernnienl  the  tiiti 
terMbPi^  ^nd  iheprKJte^tk>r,  ^ilh  t1le^^jCCtKe  uf  finding 
i:ofi[vefitite  mc^nt  for  ttlfevjjijng  i^ 

9  Sociftet impcKf  muthhas t>«n wfillen^bom the 
poientuJ  tmP^l  ot  jntgrm^ilKtn  iKhnolg^yf^ilMt  un 
h^rdlv  fii^>pe  tn  brejk  net^  ijruumi  Nor  ^e  we  eipcrii  m  ihe 
dif^iplinei  uhich  jre  Auim.l1t>c^>4c«rnedHtlh  itieh  nullers 
Vel  the  ifliplicjtruns  ot  tn(or^jlik>ii  tcchniit^Ky  for  our 
Ndlit>R«^ndeed.  fot  the  s^vrfd— nAre^alrejdy  be^omtng  so 
pvrlemt>u^  ihji  ^e  hndtmrvbe»gbl|ged  jtteaiUoidcftUO 
t.tftJtii  itipiv^  uhiLb  *e  belie  te  th^.uld  fe^cive  j1i£4llenlj«jA 
of  spe^rJthsU  i(<  the  leJfsJttr  trat 

Intornijilitin  (eshitkilo^  altcjd>  JuumenU  jnd  [Uftully 

to  u4  IhU  new  X«JH»orf>f:>  jnd  huve  jlVcu  ir  j^e 
omUntsiiivingJho^  wtuido  nul  knotty  <ji  nor  lijte  jcccti 
ihus  the  jlr«^t^>  Ijtfc  ^jp  iKluccri  ibe  higtilj  ttjined  jnd 
eduuted  jnd  the  untf^med  Jiiil  uncdusjied.  Drill  gwnn- 
[vethips  ttt  djn^etouv  ptvportion^  Moreov«f.  ^ndoitnal 
^nd  ^o^ernnicntJl  empJo^tiKitt  will  mvrcj^mgjj  be  limited 
1^  the  more  hf^hly  tr4irK()  jnd  levhn«j^t>£)-iJef  jtc  mentben 
orihc^-Ml^ft>fi3C|l5t  ^orthe^rejM>ntuerortwjHOivr>ing 
ciiuijti^  ^nd  irjiAin^  pitrblrin  IhlornijWn  lethnolog) 
CAfi.  <*\  ^utit^.  Jho  be  u>ed  to  jtlevijte  iheK  p/oblem^ 
ihroM^h  mjviitne  mediated  imtrottion  ^iid  Irj^nin^  bm 
ibe»  itieihfKls  jre  >a  evonomK.jU>  vi4hle  rtor^netjll^ 
efretire  Jp.irt  irom\ome^pft*fi<-  yttiJdorK  think  ttial 
4K  ni^pcLt^  4>r  t^K  jlrejdy  ^nou^  ^nJ  po[eitit4l'>  rfitKal 
Problem  de^cfK  ttie  iniHt  virelul  jhjISis  jind  4l(inti«jn  jntl 
th^l^  m  pjilKuUf.  iJicpAoe  ol  ieKdr4.h  in  the  o^  ttt'mjvhin<% 
(of  rRtU(Mfi>n  jfid  tfo^nm^  thtHrid  bci}UifJfened 

i^CIK]ds  ol  pride,  etonuniiv  tohu^tness*  J  optimtvm  ^n 
AmetrtJ  bne  histOficill>  resulted  lr<tm  iir  (.oirKided  ujth 
\ay  ruofif  \nhmAof:iy4\  k-iiktshtp  During  rf^cnl  >ejr* 
thi  i  \  positmK  reltimc  t^  uibet  desehpeJsuunlNO h<is 
dimmished  ^tnd  otif  dhiUll  u»  employ  ouf  jdvjrtlj^es  hk- 
^e^slulh  hnis  ^cvbned  tt  wtl  Il>o  tooti  Toi  ihe  I'nited 
Si^tet  tocv^lojte  itic  son^equcnkrev  ol  luin^  m  jti  if)riirni4- 
ihfn  jge  nind  Ut  jttempt  ti>  ((n[trote  the  NjUon'vrvtiict  ir 


thii  re|Jid  Althoii£}i  vt4nm|  lit  soorarett.ihe  U  S  poii- 
iMt\  of  Je^Jcfihip  m  iRrDrm4tioit  ptoccMinf  >nd  luociaicd 
eomjtuter  bjied  eonimunicjtion'h  ii^elleit4b)if1ied  iRd  our 
itoiei  orvjlujble  lAfofrnjitoR  fematn  teooni  to  none. 

But  IKe  bti4ft  or  ji  policy  o(  luiuined  k»dcfihip  m  (he 
tIiV<topment  of  mfofiiiniw)  tecbrulofy-aodtUbrvj^  'PpJ^ 
ejltoR  throughout  Anterte4n  HKietyit  a  nttional  eommil. 
ment  to  contPuter  literacy.  ConiideratiOn  o(  thii  at  aR 
vhJecllve  muit  be  ^uPfed  to  a  itiiotii  aiitiunent  of  the 
key  tethnotogtc^l  ddvjnces  md  locul  adjuitmenti  ii^hiCh 
muit  be  nude  ihouttt  the  Nation  chooit  a  matter  of 
poitKy  tvntJt1itd\ftiimjsvibcmimba  atp^plc  Ihoht 
how  to  u$c  cvmpulen  and  other  lorornt^lion  fliaehtnet. 
r^tiouiKUiontof  il<Ai[«piiti  have  identflknf  nun  J  of  the 
rcchnotogKjl  ilffveltifflxiiis  uJiKb  *oo)d  b^ve  Jo  be  pl>oe. 

Mjnj  AmertciRt  Jre  cetlatnly  retliitg  the  ttraifli  of  ac' 
eommoJjltng  to  thein^otnutiOR  j^e  It  ii  eaiy  to  bondet 
M  uhat  ttjgepeKonal  mdejKndenet  will  U  threatened  ai 
J  result  or  nubility  lo  JeHUnt.  proceis^  difJKrte*  and  itore 
the  inJornutiofi  ea^h  of  us  4(11  find  neeeuary  to  femiitt 
ek)inpetiMte  jnd  employjbie,  jnd  how  imreaitd  acccu  to 
e^er  mereasin^ttoiesof  mrpfitutiun  can  bcfceoneiled  with 
per$^nj{  ocedi  pnvacj  These  usticl  combine  prohtems 
whith,  iTrttit  faced,  mjy  flounih,  and  OpporiuRitiei  vihich. 
If  inji^*d»ped.  ma>  move  twyoRd  our  »each  Thej  deserve 
timely  and  sctious  jttention 

ft«laf«nc«a  t 

;    HnkkJPT.  I-  R.iAormtA  RfP^iQi  ihc  aKPa  $ivd>  <tiatir«n 
JdwiAi  J^/mfrf  lo'VLfpt'  J^r^nu  Adtjnvfd  Krtutth  '^djftll 

*  ^.orrKtulin       4^»ciDf1tKvt  ^^tJlwWr  fitt*Hialio*i3i  hfotftafUfn 
rt^Miic  V  K<pf t^nltUvCL  Ktpolt  Ntf  W-iJjV  i4  i^nbtr 

4    vomptioHkt  ijCixr4iol  ihc  L  fiFKid  St^lAH  K'A^r  I'lr  ^PffMr  Cdfl 

»  jtroHK^  jihl  W44tivrh  K  s^ihcrliiJ^A&tpn  Af^b^mir^ 

e»r^nni^f0j  (.''rtvwfv'  ^mit  a  Rtf^rt  i4  ihc  Njuml  Soflw 

*  Jjpji  lT^i4fi4nJih?n  VruvfHHiiI  l>(^<lv;vnKnl  Ctitlfr  NlPI>t  d 
Jirmn  ff^^n  tHi5tiik{)  An4ftwn.kfMFtfik  <it*ttaU^Cv<^ttt 

I 

i.  ffjrfl/  ri.flUlftr)  tr„,f f ^1],  Ppp,,  Srtt  Jff  «>,  t^ 

^^^iVMAw  WtAiUAM  ^yf ftp^i^rtwiKdEoihcPiKfiJcni 
vrihcltc(wt><4^4Mrj'Kei 

Tit^li^f^  *ft*rt-*jlBt  sr^hutrmiurt  ViKfKTjnalfr^Motr, 
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■y  ^  RopoH  of  the 

WOfiKINGGROlipONTHECURRENTSTATUSOFTHE  INTERFACE 

BETWEEN  Information  science  and  economics 

 of  th$A^ivi3qf^'ColnmHtjaJaJo!JN^ 

/    ^   National  Sdertc^  Foundetion^"  - 


Summary:  £mftofih«iyrt 

J(ow  \h(K)td  iiiliijni>it'^p|i  l>e  (ii<^u\nl.  s^pmcj^d.  iIukJh 

Jntornisiiittir  VXhJi  jfc  th^  ir^srn^^iw  fui  ^^thcrpn^  .ind 
Ois^cufi^naiinif  irli>riii jiPiiii '  ^Xhji  ju  thi.  s^'tK^t^^Ei^o  uf 

L>ftpiic  i^iss.itirmkpnj]ii>  u|  miir^sK  jptd  Jcipiic  Ji  .ui^i 
moa  iiu^ticjiijiKJi  KipiJ{<c  tvv\<^  in  pt^A^jbiMi^  lhciir> 
ti>pi  soi^^cs  jitff^si^  ihsi^  Lis  ixVn  iiUk  ssivnufis  mict 
j^ihph  txt^cs  n  ArS^^i^liM  s  m  zMms^wt-,  s  oiiiJ  in  inUpriiuLit>n 
stiOK^  Ih?  (ikm:^!  nuiiustiipt  is  j  ^pi»^^.  hs  cwn^pniisU, 
t>t  ihc  >ijic  111  rvvvjfsh  s>ii  i^s  'j^i>Tnis\  ^pf  in^JtOfijiiun, 
cni/thjsi^^ii}-  ihs^  .isp<v4'>  piiu-^i  iAwif  iii  he  kif  >nicrcsi  iv 
inriMnidiPiti  ^^cpius^i      jiM4fis.scnL  dhusTJi-ivii^sjoii  ^pf 

t^tiCMtopiv  si^iitJj  Kiislii  tiplLihur  iLtsf.  kh^Jiis  he 
[^^ccn  iflliirnutiiJii  sticniiU^  jnj  e(^mpmirit> 

Summary*  R«*o«rcKAr»atfOiriiiuro  Study 

the  hrKrs^mmjtic^t^jr  ^o^^1^  Jrcihicndnlio  hc^uprc- 

mi^ pnfo/niJlmn scicAhsHm^^^hi finds omm»rt^fitini]  tht 
bj^lfMund  lor  c^th  is  j;hcn  ipp  ibc  fnjthpjri  ofthw  nijflu- 
>4,ft|s  |p  s4>Fnc^.i^s  K^.iuh^n  thcK  dprc\tions  IS  jlrcjd^ 
uMi  ^^.<s 

0«»1gn  ol  Oi^anliatlon*  as  Information 
Process  I  rtg  Syttems 

t  ssinoitiis  ih?i>rj  i^d^son^^u^tcdiin  Jsvess^n|^ihc^j|u7 
III  inl<»tinjmi'4i  jrul  ihc  inrotfiiJhi>FtJi  rK<tlv  of  lirgani^^lhint 
to  ji\hkC^c  sacrum  ^ojfi  tt  hjis  heci^mush  wcj(lCI  ai  devrf^ 
»ppn^  the  »dc  The  Muds  <i|  ihc  >ilue  inlomijiiun 
ariivL^  Djlurjlls  in  s<injuA^|iiirt  ^jih  pi/jMd  i^evdupineiM^ 
mfcnerjlciiuihhtiuntihcijrs  jindsUUsUvjMrt-niontltcim 

f  hc^o^uoliiirotntJLioi)tMsc\c^CMlorii|£ifis  duc^Usisi\ 
of  t^ilhctiKip  inrnrmjuiin^^oii^  jnd  rriois  due  loA^rc^i^ 
tttiiTjnd  (|mrL|ificj[iiin,  w^^\  v(  ttJ.n'^mt^vtvn,  codifi^  .'fid 
iJc(<)Jifi^.  jnd  a"ts  (i1  ^torj^  jrrd  rvliicvjt  fttcJKh  ijvc. 
the  pufd^  ic<ihi^olofisJl  jspcti  *itc\e  \o^i\  kitmp.irj- 
u^d)  niinor^  jnd  i\  decrcjsin^  rjipi^l>  i]c«h  ^onipuici- 
hjscJ  Lsthnuhi|E>  i\  tmplcmcnicd 


The  briber  pJii  oi  ko\i\  Kiiitci  Iv  nicj^uri:  [t  lic^  nn 
the  iDirt-mAchinc  inicrfjccoi  ^ihm  thcFibfic  oFtbc  orgi< 
iij^iuitnjucni^lutc  nv:i\.  Ji  frM>  he  jll  iouci>)  lo  produce 
EClctfjnt  iti  J.  (ktikit>n  piobkm  Whjt  jt  il^fficuli  is 
^efJ>ifVg  fhji  ihcK  f/ju  jEt  tniieed  ihe  rdevanc  vjiiijhre$4 
ihs^i  ihey  dvnvt  ne^d  lit  beiriodjficdm  sqmc  svaf^ihjt  iticjf 
jie  4Kiujl|>  Etpre^ntiJlJ^e  oi  uhji  the  decision  mjLers 
jrc  js^uniir^.  jud  'iispre  ^ncrjlly,  performing  the  ^ompu^ 
tjlHpnne^esui>  eiJ^u^icihen^One  AcH-kno^npiobrem 
ol  ttii^  n jttiie  iy  informjiiundf  o^^rlo^d 

iLvftonti^is  du  iioi  lei  hjie  jnvllfCkU^r  wU^^  uiah*il<k 
Ivi  IHc^  isiHO  (Mo^'flds  *>(  ff^fihef  4*fi^ntcJed 
I  irst^  mutlels  ol  jidsptn^jiispn  Wan^^^Mun  jnd  uuti/alioA 
ih  mjfisiiip/jitktm^^nh  J  hisijt^liKJl  sUuvtuic  jre  nh»Mt> 
the  |un^iiuit  v\  tii7ijr\bic^  in  c^onotiiK  lhcoi>«  thu^  I^r^ 
ti  Is  iwn  l^>i  ihe  hifhei  tcseii  monttui  ihe  hch>isiur  of 
ihc  ^ipwer  fcsels  Their  toti\  js  prv^csor^,  Jfirirr^  J-ati 
rei]uistlii^her\  oi  informjiiufl  hjve  hcen  nei^lectcd  Becjtrvc 
the  ^ovt^  i>l  mlurinjiion  arc  iiiiinndLcl;^  ^tmntt-icd  i^jih  ihe 
sirusiurv  vttthiA  whi^h  ti  vviIUm.  uHli/t:d«  iIl^m;  dc^iif^n  prob 
J<iti\  should  be  stunted  *ii  unilcni. 

Second.  Ilttt<^>nortncco4ir^ocnv<.  and  rndcwttbeincanift^ 
ipi  bKiwt  mioiiDjiion  should  Sc  CMimncd  lot  4  ^ngle 
Jcchioit  m4tke^H  fliore  ^nfomutioji  t\  obvrotisl>  hetk'f*  M 
tcjsi  uniil  the  pr^ivc^vini;  jnd  v^>i(ujuot}  hmiit  vf  Oic  Oe- 
Msiort  n^dkcr  jic  icjched  Hut  when  the  dcvisioiMUJtkinf 
unii^n  .m ori^jilp^Jtnm ij(s>sL^n) wuh dtspjralc  pjiis, mi' 
(jfuinl  tnfoiiiuiion  ihc^urcemi^  niu  foull  jn  mi« 
pro^ctneitt  Ji  ihc  ^lj{tci>r  Tnji  uliCtf^dun,  jddloul  c^umi/O' 
nun  of  the  lolf  ur^nfisrmjlto?  m.i>  noi  c<>incidc>4iih^tob3t 
opnmr/jrum 


CumpoUtrvo  Maik«rs  as  fnfo^»iaNon  Procotslng 
«nd  DI*s«mlnailon  Systems 

fi  i'-  uHf/trsiood  cti>nvnnk  ^an  ii>e  the 
observed  ni.iikci  ^iriHiHte^  .i  source  ormfoims^lion  ihjt 
ihvs  ("ofiol  dirctil>  fosw*i  Thhidc-thj^ftiiJalrptrftniFdut 
impjs)  upiin  ihe  ihci^r^  of  rifi.inec.  wticK  ^  IcJd^  itf  the 
'  7^Ki7iti-fn.irk7i^'«  U>jkiihesiv  ^nd  the  iH-^*)  t>f  mjiem- 
esononii^Sn  vthcie  il  n  tiiihtd^'cit  m  the  ^rdiioful  e^pc^ti- 

f>i:^ptie  ihc  r<tvt  ifut  Mh  thfxpim  ht^c  btxntiicnsMd) 
d4;^t.lspped  Hind  tested,  ihcie  i^  .1  i^rcji  nceif  ffi/  furlhei^ork 
Ihvse  ihcones  die  m  Uie  uoidiuun  P>rcquilibiiu(}i  jnjl>Mt 
They  isk«  ^hji  \^ouTd  be  Ihe  (c^ulnn^  jlliKition  of  rc^ufct^ 
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of  miLiftg  voiileu  erfuf  Un  inkitn\i\  Irom  ill  iKc 
0bt<rvjt>k  diU  TKc  pro^c-is-thfgugti  which  ihe  (tru^ture 
ofihe  tyitem   ^tcv rtamed  is  i|noKd 

The  jb«n«  of  jiiy  ictive  luinmg  from  jh™  tKeoiies 
mi>  be  itie  v)Uf«  of  it^me  tecentl^r  di^vend  citipiriCtl 
]Mf«dOAt$  Alihough  the  avf nge  KturD  to  ihou  holdms 
t<ci*rii«i  (etmKO  be  welleipJjinedby  tbe  efTKienMnirkeu 
hypoihtti^  the  virjAbthty  ot  telurnl  il  nd  Anel  prKCi 
imn  to  be  much  loo  vofafite  Kl^five  tu  ihnr  un(fer|>in£ 
deterrniAtiU^^  tuch  dividends  [l  u  lerlainly  rremjture 
to  »sert  thtt  thit  discitpincy  itdijelothe  |<focc»  of 
in^  \hAt  acvompinies  Uk  mtdtet  trmijenon^  but  it  k  m 
inteieMms  avenue  k>  pvfs)jc 

Another  aka  of  po4«iUallyfniiiful  lesejKt)  would  be  to 
examine  modeC^  whete  ihe  eiidogenout  mirlei-deieifnined 
vjnibfeicon>e>  iomt,  M  Mt  t\t  of  lhcin(«imMcinp^>- 
KiK^  by  ot1ie»  niede^J^ioA  ^^dher  m  dtqmre  the 
mforindtion  dif«1]>  of  to  ^C«pi  ttip'fttA  accurate  but  pie- 
(uiTftbly  chejper  ntvdeof  ntdVtntt  itiferehcei  from  ittatket 
v^ridblcv  '■rt  ihtei eAiinf!  a\r^l  cl  ttitt  problem  It  bcooTnei 
ill  importjni  fJ^oe  iti  the  fdlfo^in^  vny  more  pcopk 
engjp:  in  jtlut  mfomulk>^l*so:^l^'(^  Ihc  beltef-  preiunHbJy, 
uill  Uk  entlof^e^Uk  >jtrjbks  refkct  undetbm^  infomtJlion 
<  onAcquenllvn  the  1****^  >vill  bfl  ihe  imKnlnc  lo  jC^uire  U 
Jirc^ttv  Is  tbere  *n  equtltbrtum  frjAtion  oi  traders  who 
en^  1^  m  jehse  informiTK^n  ^umtion  tn  ihu  v^^vM^  thi^ 
cquilLbnum  efTtctent.  or  ^hoi^M  dittxt  informatioji  ici|Uiijtiofl 
bceituiurJifcd-Aif  diy.^KtrjjSt<P 

I  mjll>rre%ejiut)  Ahi»uM  bcdircclcd  Jl  the  rule  fltjnror' 
milion  js  a  titninutdih  I  lie  mOtfeJ^  iJii^u^vcd  jbo^e  hise 
reijiireJ  ihe  ir^Jiiiona}  ^jewpt^inf  ihjt  mformjjjon  icnoi^i- 
tHin  jrtd  [tns^^ing  t^ke  {^Ace  Jl  the  level  of  ihe  deciuun- 
mjling  utiiip  but  ihii  intjimilton  n<>i  olhet^iu  bouj^ht 
jnd  'Pte  n>ue>  ofrelubiliiy.  priv  k\  and^j^inuruhilitv 
ormf»rrtdtwn  dre  loirotunt  here  These  l<t[tic&  are  ittued 
to.  Jud  lQgicjl1>  [tfior  to.  ^n  e^jludtion  of  ihe  coonomie 
value-jd4xd  of  Lh«  tnfornt^ti<>n  proA^ing  ^t»t  ^nd  or 
innovAliont  m  mfortndtiOn  technology 

PubNc  Infoimaltoii  Ouatlly 

Kcvent  resejr^h  m  e^>n^tm^  ihtoiy  hj^  jt^jiJe  pv^^ibk 
the  m^Klellm^  u|  prwc^M;^  ^u^h  dki^nuni.  wh^re  i- 
J^irmjLii»n  d^JiUhJe  iu  ihe  iMriKipdriL^  b>i^  dn  impv  m 
inlluicitix  trn  the  vUT^oAie  Siitiilirl>,  ihc  publhty  d>iiljJ:^le 
jiLitTfcndii»ii  embedded  pn  %rup  ture^dsL>  jod  in  in^eniui> 
ictikt  tor  grain>  t\  jn  fcnpurt^tu  (jAicim^njni  vi  iuiuics 
ffldrkei  Trne^.  ^nd  hrrt^c     iti  dllv\jiiun  ol  .i^huliutdl 

tCM>UI«V 

The  ihcorio  ^urKnN>  d^jikiblt  jrc  highl>  ^mipiir^d 
The>  js^ume*  tor  C^jmpk*  ih^ii^  i^>at  b?in^  j^siit/ncd 
hj^  the  vjme  ulmndle iodh|H>uihle  pkifvhjser^  fheii 
A^ttK^UAivnA  jbtiut  the  ^jlue  uhmrJ^oung  mrurnidljuii  mji> 
bt  ^^M'^^'•t'^i  to  mc^  d?«kirtiriHin^  I  uilfitr  vtvii.  js  ni^c^^d 
ict  descU"];!  UMhic  f^foveJtircs  ^vt  Cv.ib«iing  ihe  mptu  v\ 
%h4ng>ng  ihe  intorfHiiKpn  mj^c  publu^^  jvJi»ldbi\.  ut  toi 
vh^n^tUft  ihe  4iuvtion  luk^  vr  lurkei-siriHtut^  ^ivcU 


THE  CURRENT  3TATU3  OF  THE 
IhTTERFACE  BETWEEN  mfORMATION 
SCIENCE  AND  ECONOMICS 

1,  InlroducUon 

A^qumn^and  mmg  mr^^aiion  i$  Jcoinemoneof^cO' 
nomic  jetivit>  tn  ordef  to<;haAnel  rttouicet  t^  their  mo(i' 
proJukiiveend).  neeiJt  jnd  Cdp^bJiiifitramT  be  idcnufied 
iucenino  mu^l  he  ^rejtrd  r^;  lAdivid/iU  to  cdotdinaie 
their  jctivtltf^  ind  to  wi|im^l>  po^i  then  inform^lion  In^ 
(iiluliont^  ^Ukh  a^coiffVacl-enruiCen^nl.  orgjnif^UonAl 
iiruituiei  ind  evmmtiRicdTh>n  h^ikl/muit  be  etublnhrd 
Andcdnlrolkdinotderf' t  the  i>(teiT^  to  function  (mooihly- 
All  these  dspecilof  economic  behavior  ittjuire  tnrofmalioit 
jnit  mA>  be  impeded  b^  ilt  dbtence  pr  it«  tnaccuiJO 

\s  our  tcofio(n>  becomes  iricieAA.ng[y  compkx  the  de^ 
inind>  lor  mort,^  b^Tter  and  fj^tei  mfoimatton  p<y^  dra* 
mdhcjll)  t^e  iniTitution^  in  our  economy  jk  shaped  by 
inrornMtiunjl  canuderjiiont.  and  cpnvef$c]yp  induce 
demands  Iih  ^^petipt  mforniaiK^j^  pfoce^jin^  and  trantntij- 
AiOn  l^numie  ^iAit>  ^nd  information  pnx^^ing  are 
^ymhiolK^ 

I  *>t  Iheie  rej^$^  the:i>^aif4biblyof  mfofmationand  the 
j(bitn}  tv  eufiiJie  It  {{u]CltJ>.  jOCi}r.iieUi  jmJ  ji  j  levijoji' 
^bkvOAt  jre  impanjnt  gojh  for  national  economic pohc) 
Informal  ion  ^lence  jnd  economic  science  jre^Tural  part^ 
ncr^in  any  s^slemjiiCMudy  of  ihe  erk^tiofifiRTmaUDngl 
poliCic^  of  le^^hrip  logic  Jl  trnfirovemcnis  Their  common 
iRiThenulicjl  rooli  mike  coilaboiitive  research  posiibtc 
dUd  ^uch  cfToru  jre  fon^  overdue  ^ 

The  ccodomici  of  informjlipn^  an  academit  ^ubJect* 
predates  ihc  dita  pfooeiMOfl  revobtion  Inihcljsi  lS>ear(. 
hiiACVcr<  iM  deVfhipment  hit  accekraled  markedl>  Un- 
certainly IS  pef^a>ive  m  the  economic  en>^Jionmeni 
cc^>nomnt^  catiif  lo  iccognue  tit  crTectv,  and  the  ^9]^  tn 
uhicb  It  hj^  stidpedour  insiiluttont.  many  diverse  pfoblemt 
h^e  been  viewed  m  a  new  light  l^jtuei  Aueh  di^imini* 
lion  tn  emptoymcnl.  efflncruy  louet  from  t:iT^tidii  and 
vumpeiih^e  bjdtfrn^  Con<fdc((— pK^iuu^ly  Mz\}tcd  tn 
tdihcfaJhet  wayA—havQ  no^  heen  analyzed  m  a  common 
framcworl  Thc>  4re  all  c<m*A|ueocei  of  informitioijal 
.ii.^iimit.liio  amijn]^  indKiduaU  The  pwlm^of  informa- 
ii^un  ind  iiiikk  hxv  been  studied  jii  finance  ind  in  the  toy 
^tvftiM  tif^n^urani^  The%ummtjnalii>  ofinteKst^  viealed 
hi  Ihe  lotmauon  vChu^»ncs\  TirnK  has  long  been  rc^^arded 
i^  ihcii  jiJii-vn  d'<tre  and  a^  ihcir  source  of  inno^ati^e 
pulcniidl  Tht^te^irt  tvmiLii^iLe  ur  aharc  tuKn.  while  mam- 
lainm^  ^.trung  cvuni^tt  invcnu^a  hca  behind  iKiny  [ong 
term  e^mrraetual  retittombipd  Thit  hit  received  m^wA 
lA^ciiL  ^LiciiLwn  under  ihe  itimev  tjr"{)rjnkip^l-J£enL  proh 
Icm^  dUd  the  Lhcui)  uf  implikiL  Lonlriiis  Inditd^  were 
ihtrt  nu  iiin\vtlainL>  il  lU.  <(.unumK>  and  mformsiuiiii 
vtien^e  wuvild  both  be  HMtk  't  dull  Auhjct-t^ 

Itk  jf\ijn\ih  vUbftixommiM  tif  inrkJ^md(htn  inJ  unOCTlainl^ 
d^  i  uniiied  diHjpknc  ha^  been  ^re^lly  enhdfued  l»y  the 
jiiLiidk^iuii  hci«ecn  mall>cmaij^  ^utistiva.  andcv^iitjmK; 
in  jddiiivn     Jhoc  lield>.  vvunt>miaLi  «ilJ  benefit  from 
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inteirccttul  cvnldC<  with  cv^mum^iliuni  en^iiti«n«  vum- 
pbter  KjenJjMJr  (Ay<boii>g.uti  ifid  vthcn  witc«r«d  *tlh 
the  impact  oriheelccUcmc»JSe  upon  our  lOnety  Lik<4iK; 
we  tKlKve  thii  Tiiny  of  theie  mrorm^tiofi  scieniiiti  iviJl 
find  thelconomm^  problemimieitfiKitg  jnduiefuim  then 
04/1  ire»  4ell  It  (i4ur  lh>pc  ihji  the  le^tive  iurve> 
dflJo^efvrtw  prcKfi^ed  ^e?ow  tv^OJIteJp  fcrge  j  iir^^fig  ^^ni 
hciween  tconomi^  Md  iiif(^nutu>fi  Kience 

One  ^mc«  ot  the  wideipteiil  titiiicii  m  thi  cionumiks 
*  of  inforntJlKMi  cjn  Irjctd  lo  the  so-cjlted  nuil^et  mcliliim 
debjte  or  the  prcwn  erj  The  iifue  whclher  ^  ^ottihii 
fvoitom)  i'iiiti  m  efficient  jlltKr^non  4;^  ft^ouMi 
«  through  nurketJikemeihdnKtntinith  ihepUnnir^pioveK 
1^  might  iccta  ihjt.  gi^en  idfptical  tKhnolofiR,  ihe»  jy^temt 
dirrer  £riinif(l>  in  iheir  dbility  10  docovcr  4nd  ditMininite 
tntoiinJUon  elfiti«nil>  and  m  iheir  p^MeAUil  to  crtiie  m 
oeaiiKf  hi  mJiwdujIf  to  imp^ent  kki illy  fteitable  pLhu 
In  ihi(  conieiii^  tt  ir  iheiel^fre  nalu»l  to  (owt  Jlieniion 
On  the  qucHioni  How  the  timitJlioTii  of  imitcrfe^L  dnd 
dj(pcMed  inrorntdm^n^  tompoundid  with  tfonflhim^  mdi^ 
viduit  inc«nuvt4.  fcttfiei  the  altoCiiKoni  iiUjtnible  t>> 
m(<hinifmi  ofiftii  type*  To  mhdt  eiicnl  dtt  jfi^y  mf^ccar 
1«  tho^  jiidinjble  under  corn?lele  mformaliim  ind  full> 
tenttihred  contnfM  v^hai  i<  the  6»l  wvjf  to  design  itu, 
niflhjmsntt>  Mok  learning  ^Jk  (wrinfietti*  of  itwtwnomj, 
10  l^^  opuntue  ^nic  ot^jeiiive  tunclion'  And  how  ujbk 
%i  this  i>pe  olmtchifiisin^  envjronmeniar  thjnge^ 

11k  wufld  mijQt  inypftui  to  work  on  the  inleiface  between 
inrurRi^uon  pro^ciunj;  jn^  e^unomics  n  ihe  piedKl4bilil> 
f>f  n^nomic  f)u^ii|jtti>nt  Thii  his  fj^injlnt  c«onomi^l( 
jnd  buMneviinen  Tor  ur^iutin  N«dle^  in  fottunn 
e  be  m  jde  Ofl  iK<  ^$<i  of  Jupcrm  (>re<fitUont— Jiid  ^jri 
hi  toil  bv  erroneous  ones  li  *olj  (tcenllj^.  howe^er^ 
rhjl  the  mlerpliy  belwc«n  prntiction  ind  oburvdlion  hjis 
be«fi  e^pNired  un  a  ngorom  miitiemaiikqJ  h^tn  Theie 
coniiderationf  hj^e  hecn  broustti  to  bear  on  poh^y- 
relevjnl  difcmitoni  ^h^t  inform juon  irnecnurj'  ^n  order 
to  ilabili^  the  economy,  or  pjiticubr  secton  or  the  t^sh 
i>ono>'  Whi^i  J)  the  etfc^i  of  fm  ^naaJ  diiclosure  rc^uljtiont 
J4id  olher  pr]MC>^rel^le(i  Je^iflJtion'^  To  mhdt  eitenl  do 
iuch  potioe^  cnhinfc  or  ifimmith  the  u»ful  chjriLter  of 
economic  ddtj  coircciion  jnd  dild  pro«Kjn^ 

)}iird»  there  Jte  the  que^tioni  of  the  H^iftc  d^c^t^  md 
ol  Jnfornulwn  gjihenng  ^nd  mform  jiion  dkLvminmion 
on  the  f^onomic  ^iiviijr  in  particular  nurkdi  or  «eclor$ 
ALi»e  mforniJiKin  gatheim^  strategies  arc  intportjni  m 
judion  mjrkii)^  tuch  a  thoie  for  iru4ur>  btlli  dud  oil 
Js  v^ell  j^m  moft  traditional  miiketviuch  iho» 
fof  aernvUvtAi  ^jroductt  and  ciirrtnc>  f<si*cv  of  pr*vatj^, 
such  v^edii  informjlton  or  the  i!eiJiU  or  cotpof  Jtton^^ 
finjincul  po4ition$  ue  further  euin^tln  of  tfve  per^iMvc 
Conflict  tielw«n  the  v^tue  or  imptov^  inrormilion  and  n\ 
eoit*  The  informjlioii  provcMin^  revolution  hds.  *l  the 
ijme  jjme.  oP^ueJ  van  ol^poit  ufliNti  i<>r  i\ic  u«  an  J  nniu« 
yf  mf«rma)ion*  and  thingtd  1li«  relative  co^U  ol  PFtrurinal4on 
jcquMtton  jnd  evaluation,  and  ol  both  the^  tom?ir«t 
Htth  other  <!ecKion>n)iking  cmtt 


Th<  iuntmar>  of  the  iUlc  of  the  art  that  folfowi  ti  orii« 
nuc^}  ^lofli  Jbe  ^jrKi  of  thji  brief  rntrodvcljo/l  the  JtetJ 
KvtiO'  we  diteuH  the  normiUve  iinm  of  the  design  tnd 
jif rfof  an^of  iilocation  and  dcciiion  pn^ttH*  to  opdate 
tn  the  milteu  oTimpcrA^  infotmitton  charaocniticof  4Ctui^ 
economics  Then  wcvtiUdisco^jthe  Problem  1  of  picdiction 
i/idjheritfonilityofe<pcctatiQAt  ftnt\lyi^ejid4rttiionie 
k-oncrtre  modeU  of  the  mieraciion  of  economic  a^eniiin 
unteriiin  envjronmenls  Particular  aitcj^iion  wtll  be  focuMd 
on  the  crrctLi  or  improving  their  prmtemfoj motion  ibOut 
the  itile  of  the  lyitem  Along  the  way  we  hope  to  point  out 
uitn  areii  lytn§  cJo*e  fO  the  wrer  face  bef*ccft  «o(tom(cr 
anil  information  u^icnkc  inhere  interaction  acrosf  there  dis- 
ciplifKs  m^y  be  particularly  TruUful 

2,  Economic  Ori)«ftlnlfOn  «nd  Jnformaftinn  8cl«fM« 

L^rOnomic  r>ttems  have  many  cfotc  parallels  with  infor- 
mition  procr ^ng  iyjtems  Etoh  can  be  ihsped  by  ct  soour 
desip  to  funttwfl  m  envtr^^nment^  v^hote  general  piarac> 
tcri^liaaT«  Lnown.  but  hhoxdelaiU  vary  from  one  initanoc 
ro  another  ^r  enimpfe^  mvent^^ry  controJ  syriemf  are 
based  on  the  idea  that  siles  Toltowi  )  rtochaitic  piocesr 
tvtth  known  pirameteti  At  any  momenta  the  st4te  the 
a>^tem  determEnci  m  rciponsci  adjust TproduCtion.  order 
supplies,  etc  In  general  information  proce$$ing«  the jutfire 
of  the  (fatj  Mil  the  use  to  which  it  wdf  be  Put  is  important 
tn  s>steiti  deugn  The  tradeoff  bet\hccn  fleiibility  (t  e .  unr. 
vertdlit)  of  profcismgal^onlhins)  and  efficiency  «s  central 
to  the  dcs^n  both  of  econocnic  systems  and  mtbrmation 
(irocesimg  lytfenis 

There  iTe«how<^er.»Aerar  impoiiant  special  features  of 
the  design  problem  m  ecOnoin>c$  Btonomic  systems  must 
deal  hith  the  diversity  of  interests  of  their  members^  *i 
well  IS  wjth  the  Problems  of  imperfect  informjition  Th<» 
two  facets  of  the  probtcm  interact,  each  hampering  the 
toJution  of  the  other  ^Vere  mformaticn  perfect  ^nd  com- 
muntcation  4,ottless^  oonlhctt  of  tmerest  could  be  resoked 
by  a  v^stem  of  enfor^able  contracts  Convtruty.  if  all 
mitividiiaJs  jhired  common  foals*  ihc  problems  ofchooung 
ofiumjl  iKtions  under  incomplete  fofcrmation  v^ould  amount 
to  a  cenam  i^pe  of  conitraincdopLimmtton  TheoonRuence 
of  thne  lw0  problems  is  oftfin  absent  m  pure  informit>on 
proceismg  situations,  and  m  lbp$  c^^  one  c^n  coits^der  the 
tnf^rmatton  proceuing  problem  as  a  kind  of  gencralt£ed 
information  reincvat  tn  many  ^pplicatiOni.  however.  Such 
as  s>stems  dt^ned  fur  docovntm^  and  financial  control 
dnd  the  To^calkd  "expert  s»lems."  the  ^'economic**  aipe^ts 
of  jhe  prob)en>  givC  rise  to  bolh  fheiuues  of  diverse  object 
ttvet  and  dispersed  mformation  ^ 

TKe  fompoundmg  of  incentives-relaleit  dilfiCulttes  with 
the  purely  mformalional  problems  males  it  best  to  mocecd 
m  a  step.by.4tep  fashion  m  pre&entii^  )  summary  of  related 
research  ^e  wfl)  deal  Tusl  hilh  the  ^nfoim^nonAl  juue$. 
a>sunting  the  members  ofihe)>stemi^cc  ibout  objectives 
Then,  issues  of  divergent  piyoffs  will  be  additsie^t  but 
Mill  Ktaimnf  the  hypothcsu  that  the  communKatHMi  piooess 
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forntjtton 

The  <.ufU  uf  iLHu»ung  jnd  pFAe^nK  mf^friruiiun.  in 
^unujki  hcneAu  cJkMS.^^  muvhicu  *ellun(^r. 
iiootJ  by  ecunomiiU  ?att  f>\ihc  pr<>blem  tsilijt  heito  noi 
hive  ttood  iheoreiiul  moifel$  of  tht  economic  ulilujtiion 
of  JiKteMfcd  (rtro/^Jiton.  or  mrurrnnKin  tvtith  K  cr<m 
leCcfflKeJ  mife^j  Uut  u  not  cauly  (|ainiibA)  ^f uch  further 
r»eJ>  io    done  tn  thu  arei  -- 

The  ihcur>  ^jI  Kim^  *3i  JeveiuJwJ  b>  J  Mjoihik 
K  Rjdner'  119?^^  in  ih^cjiO  1^  A  lejmji  in  MrEani 
/dUMi  "  Jtli  J  spettfictl  Mb^*^^  jwi  b>  jji  pietnber^ 
id  #h^h  jku^^n^  ind  ihformJ^iun  <i[e  nev«5wr*l>  ^^en- 
inhfCil  tjv^  membef  ^\  rcipv>niit^e  lot  HMHe  vvmpvnetik 
\A  ihe  itditi  jkiiun.  jndc4tb  b^s  4u  po^vibiy  Oifterenh 
pfli^ij^  itit^fimj^iun  CtJJhniuni^ impf ih;  p4> 
^fr.  bui  h>  hjfpoiheu^,  v^inneh  A^t  *uLb  vummum^u^m 
Jit  <.mU>  The  venujifOjl^fl  ^c^m  ihet>iy  4Ji^  vumP^re 

h*fh  eipo-ieJ  (*d>ott  |^,f  u  ^hen  inl^jrmitiwiil  eU«rt? 

The  iheofy  iioppeiJ  on  vl  ihn  g^l  It  proved 
diflkuiv  lo  devciop  useft^  "^^^rf  infoimiuin jI  efTori 
iniiedd  lucniiun  TiKuaAi  upuniJl  uiilifjiioA  v\  M>nK 
Aiett  in^Mriiidi»un  ^iio^iuie  fcam  thcury  vhjr^Ltehied  ibe 
beii  le^m  devmun  luk  Tvi  i  ^iven  infuimiiion  ^tuuure 
The»£na1s  which  a  nembcrobiervet  jn  aEivenjnfunnjiiofl 
iirueiUK  m«>  be  ostein edthrou^  meuafSs  receti^ed  from 
uiNers  of  ihroi^f)  dtrccl  obKrviuon  The  rule  stkiHcs 
wbjl  aetiun    to  he  i^lten  given  ihncobKrvations 

Thf  fineir^l  Jesuits  of  team  iheory  deif  wjih  leveial 
speti4i1  ca$«  When  <he  piyoff  function  of  the  team  is 
quidniic  rn  Ihe  jettons  of  nit  ninnbcrs.  when  the 
unkiwvvn  parameters  of  ibis  funetioit  an  jomity  normally 
ditirtbuieJ  wjib  some  observal^vjfiablci^aneiiplieitsolu. 
iiofl  can  be  obi4ir»d  Tbe  Aciion  uken  by  each  member  js 
1  hne^r  fundion  ofhis  observaiionjandofihe  observiKons 
of  olherslhii  are  ifjnMnitied  lobim  This  hnear-qaadrdiie 
striKture  is  reminiKcnt  of  mtilit  m  ttochaitic  conirol  theory, 
(he  coliespandpnS  (ingte-pertofl  ifeeiHon  problem  Aiii>ther 
ipecdl  caie.  of  ijeittrtCjTtt  eeonotnic  imPortimcc.  ^s  the 
problem  or  Ihe  centr^liced  allocation  of  ^  fixed  ^tuaniily 
*f  a  «ii«e  leiouree  am«ng  ihe  m^mbert  of  ih*  learn  com- 
birted  with  "local*^  inputs  whou  ouluaiioi}  is  determined 
sepJniely  by  eaeh  teim  member '  The  pfincipo)  islue  tn 
this  problem  t»  that  ihv  "locar  <tecisioftS  are  not  pcrrecity 
coordKWted  bcetuie  ejeh  i«m  member  l^cki  Ftilt  knowkufge 


'Itttfi^  tnCM'M^V  tl4Pf»blfmrKfll»rill4diMiibviiwi0ftTnlr)ieofn 
of  ^thi(AnniiaKiMoAi4fii(m 


t>l  ^hG  ijndvm  pJifJiiiGlGf^  relc^ini  lu  ^he  oibert  The  loss 
dut  w  ihi>mlvimiiin/nilmkomfikiene>«hiikbeen  jnjl>^ 
li  hi(l>e?fi  thOvin  th*)!  tt  fulU  a;  the  number  of  team  mem. 
ber^  invrei^^  L^n^^illy.^btiejm  s  uplimjldeii^tunruks 
Lin  rely  4jn  ihe  Jjt4  ol  UrEe  ncnibers  Jo  ledute  ihe  inipJi:t 
of  unceriatnly 

8  Oetij^ning  OrSanitaUotti  />i  thr  Fmtttcf  c/ 
C^knfTg  Objtcuw  but  JVtw.  JJftMrf^/f  Behanfirt 

The  siiMly  of  mirlei*orjenicd  m«baniHi»«  for  al*o«  Jimg 
iei«orces  u»t  the  same  methodology  as  t«am  theory.  Ii  If 
biKd  Ijrgelj  on  the  iiypoihesis  thai  conttimpiion  is  private 
anJ therefore  ihal scarce tcsouteet must  be  illocated  imong 
vvmP<^u^«  uses^  Tlus  hdsbeeriiiimuljifdhy  ibe  e;oilomai}^ 
^rjdittonjl  prwoiupdiiun  4fih  the  ^orkiirp  and  ihe  vliimni 
\PpiimiiLiy  L'rjntdedl>ttd  version  of  J  priug.guidcd  markei. 
v4icntede%^ufny  By  J950^du«ioiheii0.kof  A.P-L^rnet' 
|iVJ7j|imj.O  LanseJ942\K.J  Arfow  ^J^^lij' ind 
X  L  Kwpmjrti ^l9^iMl9^7j*.ei.onomitis had becnabk 
W  ihsf*  undei  *hji  j^ampiiun^  wnuernuig  iheeu>nomic 
entiivnmeni  pcrlevily  tomf^ciiiive  equilibria  are  opumal 
^nd  e,eiy  upumjl  atl^pt4iM>n  a  athievabk  as  an  equilibrium 

Lhte%\Pii^imjf  AUlkii  HivUbty  vhu&cnunujTnicdntribuUan. 
The  mieresi  m  su^h  reiuli;  i^asduc  jn  pan  io  the  belief  m 
{jcf^jin  desirable  jnformaiionil  ^hariclerisucs  of  ihe  com. 
peiilii^e  me%bani«n.  Ii  wjtis  highly  de«niralued  m  ihii 
eaih  mdivjduji  of  Arm  need  only  » nov  Jisowne%4>itomi^ 
vhjrjvterisiit^  T^u^  ^he  markei  privcs.  tnihis  itay  ^i  iccmi 
superior  to  ihe  nwre  h^hly  cenlrdhnd  proteduces  of  a 
"planned^  or  "command"  economy. 

To  approiclh  }veh  questioitm  ^csnecesury  laformahie 
the  tnTormaiiondl  ^V^s  of  the  market  mechanisms,  par. 
ueoiarly  ihe  meiniryg  ol^centraluaiion.  A  rtfoious  con* 
cepi  of  an  abstract  economic  organifaUei).  or  mechanism, 
^a;  iniroduoed  by  tlur^io.  ^  f^rfeetb'  competiiiw  ttru> 
I u re  IS  one  specral  eau  of  a  mechaniun.  but  there  are 
maAy  oihert. 

The  MurwjCf  frameivork  modeled  the  process  of  rest,  jfce 
allocation  as  a  system  of  difflreneseqtiaiiofts  describing  iht 
communication  among  the  mdjvidtials  m  the  economy 
Formatly.  s  mechanism  is  a  iriPleeonslttm^  of  th«  me$Mge 
space,  the  re(ponie  ruld<  and  the  otilcome  rule 

The  memfie  ^juce  leprescms  the  language  in  terms  of 
whieh  agent  I  communicate  A  given  agent's  response  spec^ 
Ges  the  met^^  this  pgeni  wjll  emu  given  Ihc  meuages  Pre* 
viously  recetveJ  aiti)  given  bil  informatK-^  about  the  eco* 
nomtc  environment  Ptnally.  the  outcome  rvle  sptdfics  the 
tesotjrce  allocation  (or  allocationf)  that  v^ill  prevail  or\^ 
(be  dyflacmc  proceu  of  message  iransmittil  ha;  reached  a 
statiosary  v^lue. 

Wah  tjiif  formulation  of  a  da^  of  economic  nKcbaniims 
il  boc^ime  pouibfe  to  define  various  aspects  of  its  iierforniance. 
"^Non.wdlleffilAeit"  descjibcd  mechanisms  for  wbieh  3II 
outcomesjgeneiaied  bysia(ranary  mesfagetwere  necessarily 
optimat  The  inrormalional  deccfltralitation  property,  olkd 
"pnvaey-preicrving"  JpeeifSedibii  igtven  agent's  fcspcnie 
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nccJ^  lo  Lnt>vi  Itt^  her  ll'*n^hJ(J(t^ll^^l^^  hut  ntit  ll^i^itf 
4>Ehfr  j^cni^  ln1h■^ll>fnTJllf^Ut)n  fhf  pcnc^tlw-ifitpctiitsf 
"'AtfvhjntMiTin  Ihtih  "jion  vtxMf  tul  MfuS  'fnsjx^-juf^tytni 

fvcviMii4lcJ^iiirr^f>jt  uft^vh  rct^ui^  ^nijl^r  nm^i^c  ^p^if^' 
\tc  ihcrv  i>ihff^  ih^t  d  ^F^jiT  t>J  fhc  >J<tic  "-ir;  hui  ^jd 
4khle^c  diiEererii  mulls* 

jptLiuni^  I  the  pljiincr  v  Jdniiii^kn  i>t  ihf  rjn^f  ill  htttr 
ihi  *  his  h  in^k4  thi\ yy^vc  fn  J  tMhtt  non  pjir.mictrJt 
qwJ^i.Mne  pri>;iaue^  \'\  j^cm>  ^h^rjilcu  vtits  js 

e4'Ll.fih]it^'iti>  ■>!  ikiiunJ  c1i>iKdK>  In^^Jf  i'^  ihc  iSf^its 
ht*  ik^pftcvl  the  t^utr  tU*i  ^n*}pJiatjttl^ttut^-v4iU>i,Mt<^t 

hit*  nttt  itt  t.tw  icMl  lo  jit  miGii'^r  rvjuMi'cin.  lltts  ni>n- 
pjTfTnctrK  Jpproi^ii  hj^t<cn  ^tu^^es^lgl  I  umnfCscjKh^ 

F^c  pjdiiel  iwa^iCl^  ^s^scnis  Vc^ii^n  ind  ^lit\hrjii>h  i^f 

<!r<kll4>ni»v  ItlCV    ^  ttllhf  ^fqXllltJtfl^l'l  tilt  p^Jl4m iFhjC 

itiiiLi^ht  ti*  ip^uim  ihCf^K*>rne  b>  tic  JvItirtCtl  lor  ?^?r> 
Kcitcr      ^^^iti  hj^e  f^^ef)  j  ^i^'  fitu^io'^  r4>4thf|i^4l>>jl 

Ohif^h'^t*  in  thf^  PfCtrriit!  of  Straiten  B^dswr 

I  be  jyrctifiu^^f^Mt^niJrifli  ^lfAIv^1lurl(-1li4^>lll4^>■>nllTt 
f  ccvt.fK'c  di|f crin^  esgitii]iH>n  lit  i>iii^<tFnf>  hs  ihv  CittiuwK 
^iKHi^  Ht^l  ihnu^h  their  ^ojK  •*iti  tn  (Mrli  it  K^nil^i  ^his 
ittttc  fi'tt  i^^urtifujlts  dt^ii>M  their  priijtcmts»rmdii>ns<i  ■t^ 

tKhjiv  iitf  ih js  jtviunicil  inihJ^^tEori  «GsonitJ^>-  s«mc  ktf 
«h«  rftenl  jitempt^  lu  dfl^ign  nuvhjni^mi  th.ii  j^hi^icfkMril 
i>LiWi^(i>f<  the  pfif^ntt    >Ukh  I^lukM>r 

^s  I  ^riFipl^fymif,  tOtiCMKnic  t^n\hmdtK  ae  nrlt  jssuntc 
thdt  individuals  uHcc  I ui1jd^4ni4j^4> I  tntit  dbiti^s  tfTnlrO'l 
Itie  ■ru^'^rnc  bvitrjte|KpLi>  llonC^t>  (iK  iKsinin  vjkc.uf 
inorjlnv.is  j^^umed  to  pijv  nofott: 

\vit1i       mcihjniun  in  plni%e  Ihe  ei»iu>Tir»v  ^^^tfm 
i^^rn^^rrfd  ro  Jht /<t/m/J  Ffost  witi>  j  ^JIt^c  Srrjic^ici  i>F  jh 
■fcnt  jrchis  FC^piviM^ti>ihci¥Xv.hJ|iiirn  ind  >iiiirjniii]ii^ii>ii 


iTi  fikfi'fnxitiiin  it>i>thcf  iniliiulMiK  V\rc  jtc  mifrc^ttd 

1^  tfii  CkiuiJihtM  i^r  thir<  iMciti'^  thit-cniit  mf^hdoi^cni  hiN 
hjsi:  dilMcrfi  cquilifni-i 

fhCk)i^>nc  i'ni>flx  ine^hjni^m^h  ntniplKJUdb^  ihc  pt>S' 
^ihiht^  niMkiptc  cqgilihrid  vommun  fhri>U|{houl  M  i>r 
f  jiiie  thci»r>  |h<  Mfon](cvt  Vind  of  ^i>1utioii  k<  cquiti- 
hhiHJM^in4fiiff]>»jni  ^fijic^io— u'lieifTC'Kii  pl>iic/hJ>>i 
uiiciA  tFuJepcriT^nf  i>l  jII  mh^fs  In  ^n^f  jI,  ntciliJi^i^nti 
urm'ii  it^i'ifn^d  lit  sKhrf^c  i>piinjdl^isi>inft  jnJ  Kiw 
d>>fninjFti  s(rdifi;>  ei]Uitibriii 

II  ttttf  up  the  njtj.}  H\  iniptenicnii)  ^  cmu^vnic^ 
11)  ij4>ininjni  ^trjit:;fics  mjuh  nii>rc  km  W  v^Jnc^td  with 
M>nitHh]t  lAcAcc  shilulr>ii  kon^'cpts  In  the  cjsc  of  iinitely 
oftJiis  jltcinjtiv?x,  iilid^hc^n  shoihnifuldns  dcMnblCDut- 
^4>ntti  kdn  l>i'  impfciiKAtird  js  |h(  \dshcvuiribxiuiiTof  dcitc 
koctsijru^tcd  b>  thk^  rtitkltjnt>m's  dc^)f;t3crH  >f  be  fiec  tn 
^bi^ik^  >uiijbt(  iJif^e  jnd  otn]ph\  strjtc^s  ^pjt'Cs  lliih 
vi»n^ij4nts»h  the  Lornp?csit^  **<  stt.^ttips  ^pjn^  oftk^-Htttne- 
uhji  ucjVer  results  Jtc  pn^shlile 

/>  ^  /CvJt^Jf^'tT^r     rAf  Irtammt  p/ 
iftfo/fttatfa^ai  (t^ctr  tit  fiftotinf  iUivaaw 

p^lli-^iejViLj!  ihc  moJcl^  di^nrtPicii  in  the  tdJ 
scvvt^i  i<vlK»n*  Jf  c*  ihcrc  jre  ^trtl  thtvt  Oi^tmct  «j>s  m 
uhish  ihiy  uver^inspiifs  the  sh^c^ntent  of  tif^tii/4lii>itj9 
ki^sts  ^JJ  rbc>  trcjt  .iprivc'nicdijctnm  Idr  inc4i>noni>  js. 
4ft  elJcii.  .1  'oiK-s^cp'  (le^ij^n,  lo  Mhi^h  obvrsj|>i>ni  jrv 
m.ufc  mc\>o^i4rc  JTtFKiMtitxd  rprKt>  jnd  pfOfHHcd  tfjntes] 
jfi4i  ihctt-^if  iho'-c  mfivvj^e^  khjFjiicri/e  j  vnmpcliihc 
c^ll>ll^rltlm  Utr  thecionuin^-xtion^ririifc^priKfucthinsH 
ii'nwcnplum^  tjltc  pljKC  On«  vtipptc^vc^  ili¥  mJii>  itep^ 
Ahkh  m  Ida  im^lil  be  needed  lo  4Uj>n  an  c<|u>librium 
J  Onb  i^fle  inlT?finj(nfn  v^H-ibjt  Df  msMsjc  trjnwni>*»n— 
bdv  hc?n  ^oii^FdetfJ  jnd  «t  bds  been  $iten  one  priiKipjf 
iT:vJ*iur«.  n^nic/t  d^tncn^ion  *i^  «hc  pie^ygc  t3]  IH 
price  iflti'bJniinin  compjircd  |»*th  rc(ldrdiom?>vd^-^pjcT 
dtriifAiion^  4inh  ^hftbdc>i|{ftilhdt  Jthic^e  evictlj  wbjt  the 
pfkc  rncLhjtii^nt  dvhtcvcs^  nd(n«l>  jin  opiimjt  resource  a1- 
jtii^n  Inrcjth  environment  The  ao(1  \o  Ut  titniptetcd 
di*i^  flirt  perflfJl  the  irjdm^  isJhcnfffiti  jfjju^t  oosl^  IijiJc 
Hitfk  hj^  i>Kti  iU>nc  i^n  tiT/'/i^jtjnjdr/i^  tu  (be  ^nce  tntch^ 
jni^.  escn  though  ^iKh  ^pptwimiltojh  jrv  ckirlv  required 
■n  pfjT^ci;  Vfc  ffij  not  >ct  Vnow  the  mrorniilfoiyjl  c^it^uf 
4  4tcM{;n  ubE^h  appfvjinidUt  the  price  mechjo^sm  id  j 
>!1^  cnp^fl^ion.  4ith  Ihc  jppn^iJiiidte  m?chdnittn')  jtlion^ 
l.ilknh^  of  the  itpi^nul  rc^uurde  jIToration  ifTitc^cd  by 
the  trufl   prK*  nKthdmsm  If  tbih*  cml^  *cre  devoted 

ci|u^lls  ^i>^L>  •-i^tx'-  xbic^c-^li^Hcriof  jr  tcitt  mil  higher] 
bencru  ^b.m  th;  j;i^vn  .ippr<iiin^>itc  pri^^  nievbdni^rh^ 

One  dpproAh  IV  ti>  il  I  retire  the  sp^«  ijf  deei^ion^  jnd 
ific\\j^c\.  fjthcr  MiJfl  J^ufflting  wfi  tn  he  J  com f nuunt  ijs 
^/i  thv  Mi>iJ^  iiicJ  tht;i  fji  Jfl  Jhdr  cjv  dec^uiv^  erroft  jr« 
un.i^oidjibk  dnd  in^tcjd  of  rtqmrmf:  optimJit^  one  wits 
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enof  pCfmitted  bjf  tin  tMn  dmttte  iPatCTK 

All  of  ihe  i^odeU  dncuuetl  d|>Di<  negtcci  the  comjiutd- 
th>njl  tophiiitCaiioA  tfquuvd  IhemdiviiJudl  9^n^  man 
ot^jntfjhon  l.ifltiui)  dbilitM  and  co»1y  or  err^r  fidden 

pto^im  One  c^n  krRifiimct  lov^u  Iht  djmen«Pnalny  uf 

It  it  ihu\  irtijHiruni  iv  be  jbie     ^wmP*tie  pruiCkK^  «n 

chjraa^t^i^  Con^erjcly^  jit  jnnu»  m  dimeivtionjlity 
Cjn  Kdiur  the  errarroie^  jirQre^jniplelnaMnputer^tjrTy^ 

There  a  tirge  Jiteratuce  m  tofUPuter  »«nce  and  mjih«- 
ftutK-i  itcjttng  v^ith  ^mfk^ti)  ol  ^«fni>utdt»on(  pitsenu 
tL«nomtil^  have  noi  made  o»  ol  ^h^  th»/>  m  the»niett 
gt  dtlov^iion  cnechjnnmf^  although  VKin^  rctojni  it  jn 
miutiue  tetel  Ptrtur^  ihe  ProhJent^  ilul  m  ^jmcaipedt 
tliJf^  IheoO  Htw.  fine^  utltn^  tur  more  dcu Jed  miotmj- 
tion  ihdi)  II  avaiUbk,  wht>  tn  tub^r  aspcrtv  i(  too  '\ojf^»'' 
jdiTiiUin^ i^Fu fcik  lLif)d^i^rvvnipuUi4\fnji Pj4^}icn)v  V\hdi 

jviiLibke  M  jlhxjbun  nn^Kkb^  c  ^  cnifjrgitmciilal  (UFiUiKierSt 
pcif^pfnidn^e  futi%.iiijnv  ^nJ  mev>4gt  vwjfe^vfldcnvc)^  ^ind 
(NciiiMb  jfUljitb  ^h^<»«n|^  tciitfunbhtp^  hcurtn  wmPuu- 

^trjinis 

I  atiJ*  hiib  TtuJtfd  wmplcmij  dnr^xot^  ruie>jn  jnfvu. 
n^ifln,  tc^^ifi^  uvttiit  iht  difKbfdK  thwr^ul  »a|ucnitdiii)J^I)tn^ 
fhjrtH,u1jrl> ihcK^^n  Kh>/dc^ Thevf em  M^^un^  jndReitcF* 
hjvc  tnfd  jn  .ippTLUvh  ^umbmjn:^  [he  'neutjf  nc4»vrl^ 
mt>dcl  of  M^Cullv^gh  ^nd  l^m*  ^ith  jn  ei^plrui  r^^frtiuljUv''" 
gf  the  ^^mputjfliirijl  ejiIl  j^5(HtJtcJ*ithapri^dv^  prc^cr^ 
init  vdtivji  m^chjtti^m  Vjj  iin  e:^dmpk  ihty  ihof*  Ih^i 
cnNr^.ig  ihe  mcs^d^c  s^uic  pcrmiua  rcductiv^n  ^n  ^ijmpu 
ijtwnj]  "cdtt^^ljKhife  prc^iving  peifcrnianie 

In  ddJtti^  Ig  vomputm^UHis.  o^hef  mAjrmdItunJ  voiU 
u»ifrixii  tiK  deajgoer  k^fgrgdni/atiffns,  j^ih«rc  ma  number 
ofpovttbU  jp;<rDavhcs  t^i  mCd^uriO^  ihiia  One  nta>  hre^k 
lh<  opcTJti^  of  ddfvjn  mTulherdilr^^"'^™'^'  nicuge 

rc^fievjl  Te^uircJoftheorganif^UunS  members  Different 
jpprtuclicj  ti)  wsi  mCMtiKment  (Orre^pond  lo  dtfferent 
s\<^iH\  of  ihe  ttcfin^ogx  of  each  UiSl  Jndividu^t  thMriet. 
ubicJi  vbjf jcttrr/C  the  letltrtorogV  of  cerumof  the*c  tJiVj 
e^nt  but  none  hn  been^e^clvped  a^  pa-(  of  i  unified elTort 
to  CDmp«re  ihe  c<^t(  and  htncf^U  of  ^oKn^ 

\  U^i.  tM  b<  vte^ed  «i  ihc  i^tfitng  of  in  oulP^t  ]j 
rtietMge,  ^n  actron  a  compuiaiionil  rc^uh^  ffont  a  vt  of 
poi^ible  output  lo  an  mpvl  mciug^,  in  ob»rvatiortf 
obiamc<l  fr^^m  4  ^  ofpo^ible  inputs  ^todcllof ihe  leeh- 
nolo^  of  «uch  a  tjtic  nij;>  be  Eooiely  d^vtded  mlo  three 
fjmilKt 

li»  Deierminiaivm«ev>nienuvoji'uiil>  mvdel:(>Mherem 
J  de^i^e  let  rtrtufrn  ihe  la^k  Jt  d^iiujrcd  onct^and* 
^or-all.  4he  de^KC  )iJ4idi  rejO>  io  d?ji  »tib  ^llut  Ihe 
la^k  I  posxbk  >npuL^  There  a  am  t^rjte  vhar^ 


J^i  ej^h  kuupcm^e  outptil  lo^jnpul  asji^menl  jnd 
4  he  pfoluhthly  (li(lribuiionortnrut(pla)(no  role 

til)  t  re^tiency-enploittng  tn«eMitient-coi1-<o;tUr  cnoOel( 
Itetf  iherttidfiit)  M  »paraie  Charge  f<)re9ChouTpui» 
l0-input  jjJignnienu  but  l^e  devKc  take(  sd- 
«afliage  of  the  f«<t  ibit  tome  iflputs  occur  ntOK 
freqtienlJy  ihjn  others 

l^ttj  Mv^ik^n  Mhivh^dtlfertnuotimnitirreUforedth 

I  or  the  eaw  ol  4  t'vmputinE  latit*  the  mtKfeh  of  finifle- 
iiite  nuchtne  theory  jre  of  ihe  fjrM  lype  I'or  the  ca»  of 
J  mftjjgt-Knding  tasV<  the  ntodeU  studied  m  ihe  ejilter 
Shannon  thepr>  are  of  ihe  jecond  type  Codes  ire  ufed  lo 
e^flotl  fceMuenc}  JtffeKflvts  and  lo  economize  on  channel 
si«<  ji  ^ncajurcdirt  OnthoU  Per  lime  und.  andii  isehannel 
lu^a  oiKC-jndfor  M\  ftned  mve«menl»*hiCh(JeleonttKS 
(he  tJvV'icoSie 

Mo^,h  vurreni  rc»dr^h  vuinjiuier  »vKihe  fit^  iniviht 
gcrKfjl  frjuiewtirkjun  du^uwOs  AuMnPUinfOf  juimputer 
nciihtfFk,  nuiy  be  modelled  m  jti  4>ff4n**AUvn^  4hu» 

mcmbcn  «ii%.lu(lc  termtn^l^*  wmpiter^i  memory  unm* 
dnd^nihmcih,  urttu.  D7>ij{n«ng$oft4JK  »hHhpetmiisLhe 
^Hin  tmUiUu^R  io  Lompuie  veiljin  functfons  nhik  (vkh 
vidtng  j^odd  balance  bei^ecn  ptfformance  (;ic<ur4>c>)and 
Mi^i  {uctiej  a  d  pTobJcmorefTivicnideSign  in  ihe  Ki^^e^usi 
dc^^tibed  tt«tdi\h tarioiiiiupivi  Mhiihappcjt  on^n 
Ihe  label)  pJraitel  rroce^ing>    tttuributett  i>)«ini  ind 

(eiOutce<boonded  compuuiton  appear  CIohI>  related  to 
Ihe  tvonomi^u  organtZdiion  detTgitptobkm.  Qa  the  other 
hfnd^  10  wive  .i  tesource^llucaihj^  problem  by  means «fd 
prhe  (itahdiii^  may  rprmalty  be  vic^ieU  ^s  the  u$c  of  a 
faidhel  jl£oftihni>  4tih  tndivjdual  Otgenii  pJaying  ihe  tgle 
ui  timuiui(K(>uU>  JunctwRing  p«»H$drf,  KesesKh  *n  whtcb 
ihere  it  a  dijlo^e>  if  noi  aeliie  col1abordUon>  belucen 
tOdiPUieT  Kientiiis  and  economnh  eoncernol  uilh  mror- 
fnittonatDf  effioem  rcMurre-jJIocaling  deitgn?  hii  (wver 
bcenmienrrteO.  il  may  bean  elfotl  ^hox  time hu  come> 

SontceurrentttorV  tn  trantntKttonjnd  coding  the  oryhis 
gone  v^etl  beyond  the  CtfOitomicatb'  unmptivjted  resuh^  ?r 
ihe  carty  Shannon  theory  tn  stBtt>]n£  a  ifn^it^  uho  obtenel 
a  Miurce  of  repealed  itgnih  and  moinformit  receiver  aboui 
lhem<  specific  dlientron  »  now  paid  lo  what  economtlLs 
vtovldeill  an  ^'effKient  sujfa^."  This  isa  surface  in  a  spjoe 
vho^edimenMunjtrtclude  channel  sue  tin  symbols  pex  lime 
unitt,  sire  «f  the  btock  ofmesjitgcj^hichaccumutjte^  before 
codmE  ar>d  (ranuniSJion^  md  expected  vatue  ofaTideLty*' 
criterjun  The  TideLiy  criieifOii  tssome  funclionofihe  source 
signal  jnd  of  ihe  receiver'*  inference  about  the  i-^gnA  a 
function  more  geimal  than  the  simple  "error^'  onheeirly 
Shannoii  Ihcor^  A^aln^  however*  collabflration  between 
^informaUon  IheorislV^  tislhey  ^tJf  lend  lo  be  ulle^T)  and 
n^noinisis  interoted  m  reourw^tNKJtinigdesiEiuisljebrg. 

VVilh  ttt^td  lo  ihc  ol  Gb»rving<  it  mr|hl  turn  out 
ihdi  ^erutn  u^rL  ^mhe  hdduEMiemrnoemuoii  iciu^ 
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^ejUve  iot  \he  tSTtcttnt.dtn^n  ptvbkm  Duttnf ue  tof 

TccKnok>Bic  dl  o^v  jn  cs  dui  tn^  the  p^u  iwcjit}  ytin  have 
dr^ntJtiull)  icdutvd  tnrDrnlauoit  pioosung  colU  Thil 
fijmrjlb  Jed  ui  the  tMith  i^d  iipid  growih  oreniuefir 
new  br^nche^  of  the  ooitif^uier  rmnuIieEurmg  and  loftw^K 
inJuMftd  Ihc  KivioniK  eoottquencn  of  ihil  revolution 
in  uifoimjiion  tKhnoiv^  |4  Tji  be>ond  Eho»  KbEe<I 
indtfMEial  Itowiti  Information  can  now  be  coJIeeicd^ 
anab'cOk  aitd  dit«ntiniie<I  such  laf^e  quinitUe*  and 
with  iufh>p«d  JSK^KibMinti^lb'  atkf  iheitecmon-m^litne 
PrwesKS  or  cuntumeji  and  Producers  Economic  cbOiCf^ 
«fi  D  be  made  after  a  eaccful  anutd^raiion  of  fai  mofe 
jtianaiivti  ^nd  v^^ih  fjr  more  a*tention  loJuture  economic 
tvtptt  Ihtn  bjf  ever  befcue  b«n  pomble  Will  ihiidianulrc 
incr^die  m  Ifnrofmation  proceHing  capacii^r  change  (he  be- 
hjviOE  ptoducnt  and  coniumri^  tn  w^jrl  which  will 
jrreierjfbb  jhei  the  pfiformance  of  the  maikd  ijitent"^ 
Ofiihe  f^uiif  ofihe  informJtiOfl  revolmion  bcmiluc6  m 
improve  the  allocation  of  fcvourcei  within  our  ctonom)'* 

3k  Pt«d1eEloi»  titd  InfOimttlonTrinfmratlon  Ihrovfh 
ComP*EltJv«  Mftrkm  FoitCttUns  In 
StK^AHtCtlitg  sytttm* 

^Aononiiv  (oicijiti  jre  niadr  to  be  uf<d»  nnditebisionl 
bjKd  vti  |hem  km  the  predicted  event!  l-OrCfrJfti 
cdnbf  lelMulfjilidff  in  iht  ^fe  of  j  predicted  tto^Jt  r'ice 
inueaie  s»  lell-dcleJimj^dttn  thi!^*«oUpredMcd  ttKigy 
shuttjfte  wfmJi  IcjJl  to  mtf Ck|vcd~  conxrvgGcn  and  the 
devrtvPrneni  ol  jkieindtivt  enerft)  jour^eir  Ibu  problem 
wai  Of jginalll'  Miouf ht  vrbca.  m^loi  imP^dinient ro the de» 
vclopmenl  ot  pteduitvceconomctmodeli  "  Mo«^evcr.oier 
(he  piM  t^o  dcvddef  m^n^  evontimcirKians  haie  re\(7l%ed 
tnif  d^nvcutry  h>  mctmiing  the  rnpontn  of  innM\a.i  iid- 
(fftifal  ^kciiiun  rui^efi  m  f4ihindl  eipe^tatlom  etwno 
ntclfje  modeb 

M<^re  recent  rwarch  haivnevthcdane*  Andiomewhat 
(Hjker  vonccptU4l  pf9\>ifiti  invotving  the  relaifon  baween 
the  beheif  of  evonomit  dvviuon  niakeri  >nd  the  extent  to 
whiLh  their  dfvitions  r<vcal  the  fundamentil  y^n^blei  or 
ihreoofHiin^  AdunftemctonontiCCondiEionlmayalTcCEa 
dccuion  URit\  fti  of  Teuiblc  dhcfnativel  ^nd  alio  the  d^^ 
Mr^hiht)  ul  jlternjttvel  wnhm^hjh  set  A%  mtnt  f^vn^miv 
djtj  jfe  rrtve  md^uanuiy  dJtd  grncrdted  by  market  4fdnb- 
4hti(jnf»  trtey  nycai  the  undcrD'nt^  structure  onl]r  im[terJail]r 
t-oieLjHstnnjrn^e  iidnuL^tun^^nd  ^hne  obKtvdtfORi  In 
ihtt  *iy  iheir  jnHuence  ihe  inowiedgc  oa  which  ^uneutve 
forrratti  will  be  hai^d 

lnn«  inTer^cEiDfls  betHCtit  ^drning  jnd  rtie  u^tem  heinS 
learned  Jedd  toa  uihef  dilTerent  view  otempiri^l  inreren^e 
tnjnib appropriate  m  oihtt  Tield^^l  ^^lentifttmt^unjr.  Jht% 
n  rttn  ^usi^^it  Ettjt  empiEKjl  knitttncc  In  ftonomK-}  u 
intierentl)  hmiicdot  that  j  new  theory  of  stahiit^al  pK^ie- 
twnmujt  mt^med  i»t  nunwntvi.  ftcvcnt  fACji^h 
^ncentraint  oti  identtlymg  tt^qie  cionomh  mrotnuiian 
^  firuvturet  i^hith  jre  bonmteni  wiih  ^ottvenljonai  mdhodi 
of  inference. 


Ihere  iia  claniedl  docitine  rn  the  theory  of^mpeinion 
whieh  holdi  lhat  in  3  fit  kei  economy  Pnoci  alone  Provtde 
decision  m»keti  with  aU  the  mfonnation  about  the/etl  of 
the  economy  needed  to  fcsch  opiimal  detiitoni  ThititoC' 
tfme  doonot  enviu^r  the  intefjciwit  between  knowlnfft 
and  observation^  aitd  mtny  fucardief*  have  foitnd  in  the 
Niief  probkm  3  dcep«E  aPptication  and  ttron^ertcttof  the 
daiiieil  docttJiK  lhan  wat  pfcvioutlir  POttible,  A  major 
tmtial  finding  v%%htxt^  that  the ctaitioal doctrine  ttuien. 
ttally  correct  provided  that  the  euMtng  f anSe  of  fuiancial 
markciiit  compteic.'*  'XTompletcnts*"  heie  meant  that  th^ 
set  of  mvctinxnt  opponumtKs  should  be  mfHcxntty  divtne 
»  {hat  MX  tntufance  'fttntt  eomomfC  ff ili  t  ft  po^ubk. 
For  ei^mpte.  a  facultl'  ntrmber  ol  a  ttate  univertitl'  ihould 
be  able  to  mture  hi  t  future  income  b^  in  vei  unf  in  it  portfolio 
whose  rtfiuin  iteiaeiJl'  mvefseb  corr«faccd  with  the  tai 
feienuei  of  the  stale.  Undet  ihit  condition  pncei  alone 
tfantmit  ad  decjMOn.ietevant  tnfomtation.  ^Ithousb  at  ve 
have  stressed  above,  twt^i  reveat  httre  of  the  vndcrljrjog 
fundimenial  vartdbtet. 

While  eiiisence  of  a  comptete  ran; e  of  fmaoctal  rn^tleit 
IS  an  ideal  not  met  m  pnetrce^  it  ii  platiiib^  ih^i  Pnect 
di  isemm  ale  much  of  the  lelcvant  informationk  On  thi3  POirii. 
howeva^  substanli  jl  theoietical  problems  h^ve  arisen  ^ilh 
the  equtbbnum  conccpi  lueir  TndeedL  it  appeart  ooncq>Uu1b 
possibte  ihat  tvith  incomplete  mjtfceti  the  ineraction  he- 
tMccn  knowJed^aAdobdovahonm^  disiuptany  lyitematk 
method  of  infeKnce^roiSTJi^wi^ThrtloeitionTf  still  fti — 
Jkom  settled  and  research  mthit  area  It  quite  acUve 

The  actuat  conMruetion  of  economic  ror«caMs>  when  it  b 
known  Ihat  theie  forecaitt  influence  the  behaviot  of  the 
la'stem  iiselL  potesa  nev  set  of  quettiom  Ihepieliminaty 
reiuhs  tugfestrhat  conventtnnjJ  methods  o/ ttalrsliCiil  etir- 
mdtlon  may  siill  be  appFicable.  akhoufth  the  tmall  (ample 
beha  viof  of  the  esttm^iei  will  drffer  tubtiantlatlir  ftom  thai 
dehribcd  in  ihe  EhcorT  of  tiatiitiei  This^rca  tepie^entt  a 
pvienlijtb  fertile  jrouf^  br  coUaboration  betwcei}  econo- 
mitti>  sl«ti3ttcian$4  and  tn^t^rmation  ^ntisiiv 

C  Purity  AppUcaikifi  If^crm&im-hoifi 

One  or  {he  moil  important  apphntiont  of  tatKma]  ei 
pe'.iri^^om  model!  hi^  been  to  euimine  the  role  of  the 
ftunwi»iy  k  mfornution  itrodoie  in  ficnnaims  b^ainesi  <?«tfi 
lluviujtiont  Do  emerfine  technofofltei  permit  ehanjes  in 
the  information  struLture  of  itifficient  s«>pe  ">  jroooth 
busmeti  eyete  HuctuationsT  A  tonvmein^  aiiswet  to  i hit 
quelltt>n  wfll  tequite  rcKardi  along  !i  number  Of  bareb 
explored  jvenuo  We  will  now  iletch  the  current  itate  of 
uur  underMdfidins  of  ttie  connectiom  between  bv$ineu  c¥<)ei 
and  inri;fmaiian  and.  along  the  ^i>t,  (vomt  oot  $cveta1 
portant  research  Pfoblrmi 

A  ^zzhftg  fciture  crbusmeis  eycte  ftucroafion^  it  the 
obseived  negative  ^orreJalion  betvfcen  the  rate  of  inflation 
dnd  the  taie  of  unemployment  Mhich  js  deducted  ty  the 
$o^4lled  Pl^ilbp}^^  ctine  tl95SL  DurmE  the  19iOC|  and 


621 


mou  ifi^uCnud^  pipers  putiJi>hed  in  iidvtocv«^m4v  ihevi^ 

ciunvl^^  d^nit  iiitniit^  the  wfiipviicni  Cmc  ^hd^jfc^ 
ih4.i  itJi,  rjihn  ih*n  uJ  (lurcl;  nvncui^  uinlfn  The 
presence      ihi)  ^i^njf  ciUj^hun  piob^Cfn  iht 

l>ce^(iluiie^     J  j>^icmdttc  polity 

cirt  be  H>  lU-mfuinieJ  jb^ut  current  and  future  felatite 
pn^e^  10  ftotiM  ogtrul  (luctg^fionf  ot  the  mj^nitudn 
i)r(ii^jil>  uti^cr^td  in  the  tut  s<\er)l  itecaitei  Tiles'  POint 
out  thdi  inronttJttwt  teehnolc^gm  ^J^e  rejched  ttie  stase 
ihhere  ^4mpl^  intotnUiiOnnan Jtram^tjlfg^t  !■  pro- 
^ert  jnd  conhumef)  vfioove  not  to  emplvO'  thcfc  Kth^ 
nolo|;itf  thfA  n  niu«t  thii  the  rnvale  bffifrtLh  dt^  noL 
iLFKif^  the  ^oKi,  tltuJ  bu^ncu  ^'>^^  Hut'iuniom  do  not 

impl>  M  IIKf^OMt  jltOOLlOR  Of  KSQur«$ 

This  gtrjeclion  rs  optn  to  the  crH'^'^ni  rtut  it  ignorn  j 
poicniull)  veriOuh riittfJem mforinitioneiiiefnaMtt;!  If 
the  dciivhfn  Lm  j^guire  nhue  intotawioa  tndetd  reiulii  m 
(n*f|e  iljble  c<|uitibrtuttt  Lmc  icrt^t.  reflecting  onl3'  real 
idttter  thjn  imfiKtjr>  fictors.  ihtu  alltc^nomic  i^nti  v^A} 

theK  enlernjl  hencM^  do  not  enter  tnta  the  cojt^bcAcfil 
cdtculut  of  individual  jgenLt  Imdcfifyic^tmenL  m  mfOf' 
matron  rtny  ^ell  rc^ulL 

td  dtteriHine  whether  thit  k  a  Wiout  protrjem  uill  re^ 
quire  the  development  of  miccwconoAitc  modeli  rd  uhith 
ihe  dcei»»A  to  acc|uiK  inrormatron  *i  sidogenoujfs'  deier' 
mined  Some  progress  ilong  thnc  Imn  has  atie^dV  been 
mt<.e.  But  ttte  apptoptrate  anal}'}!!  of  economic  Mclfare 
^lAi  or  loiKS  tequifo  busuitti  eycle  m<K}els  base4  more 
cloKly  gpon  tlie  mtiimumft  behaviof  of  frili  ivcri«  eeo^ 
nomre  ^ttenli 

There  »i  jnoihcr  related  ^^xe  which  ii  jl$opourJ3'  under- 
)iuiKt  The  enicrgrng  theonei  the  ^UItneb  vJ'^lc  ^imu- 
liied  (ly  La\M  jiapei  i ely  upon  divtrgcncn  jmun£  ew 
nojnu.  jgcnti  torevj^ii  ro  geneiaie  buiincs^  flu^iujtioni^ 
Ihjr  ^ulIi  Jinetgcn^o  eim  ■te^tJ'  ihitunKnL  cvpcti 
tn  itit  Jinenvul  ddd  ^ammudiiS'  mjikel^  and  alio  jmong 
jn^ciDC^onomti,  loretdsler^  \tl  m  j^I  iheH  i\  i^diff^ 
euti  [ojtirtbuie  tJieJnretgtncnin  e^pCLijiri>nipricrijri|>  Lo 
differences  tt>  tht  taivtm^twa  dv^MiNe  JiffierefH  *ittii\ 
Indeed,  all  riwroeconofniir  forecaitni  hjve  10 
tuall3' the  laitieKt^fpubltely  available  data  Vet  rr«niLhis 
diia»t  Lhey  infer  Uiffereni  lsometim»radi(jlly  differenij 
modehof  the  ccoiftomy. 

tt  probjbJ^  the  ihii  ihii  dimiity  m  fgrcvasLing 
modeliV  <he  principal  iourc«  of  the  ttivergenteApccLattqnit 
hel  J  b}  (canan^iE  agents^  If  poJit'3'  ac<ioi»  ifejigned  Lo  after 
jnfgrmatiort  itructurei  and  thui  affect  bu^nw  tyele  lluc- 
luatfont  are  ro  aehtCve  ihfir  loali*  the>  mvn  wmeho#  alw 
leduee  the  dtvtnil3'  vbierved  in  rte  econafniv  f^reu^iing 


m^idih  Jit^Sdtiitiitit  *hr\h;t  ihitiiMel;*  Uj  hjppen  tl  is 
ji^cv>di>  ^uh^ye  *  ihcutyu^  jnodetfotmuUiurn  andc^jfti- 
jitutt  m  ih|)i4.hinfuin)diion  Jydildbij4l>  pfa^i  a  terlrjl  rofe 
Till)  th^*itif  Should  predui  the  vt^ndttfon)  undet  t^hi^h 
mode'  d»ver4ii>  ^jn  e^pr^ieJ  to  increaie:  p*riist  ot  be 
rcdv^cd  Sw^h  d  theory  ibuL>ldp  for  eidmple*  piuvide 
ifuidintjc  on  effctii  ^f  a  ^igiiinfrJiiL  t^hir^e  ininfgtntd- 
ihiti  j>jiij(>ihir  ti^^^hcd(Mcdin^or^lJtlon^tl(nul^temod^^ 
fruildci^tueipluicntrireJO'  po^>ibililie^thijnrh.rejiing 
iii^dcl  divcr»ii>P  or  wiU  it  tniiead  permit  ^mve  leiLi  of 
^vmpeiinf  nii^eh*  ihu)  f  educing  diietjity? 

D  iit/otmatipfi  and  Btttamtf  inndtf  VfUt/tairay 

The  econonjjt  modi:!  developed  by  Lueai  fop  eil .  f972f 
11  OIK  «f  gf  n:rdt  economic  cqmlibrium  under  unerrtamts' 
UuL  detpite  its  itrueturat  iimplrcity  tti<3s  vmble  to 
deieroime  whether  or  i>ot  there  tome  monetary  poltcy 
rule  which  ^otild  olFiet  the  infornutron  delkienctei  attd 
thui  redu^or  efimmate  ihe  moJeVi  output  nitCtii»tioni 
for  m  ordn  10  Ji>iwer  thn  wrt  of  (fUe^tton  ont  gmer^lly 
must  be  jbleto  derive  e^pttcit  e^presMom  for  tlte  itocht&tie 
eqtiifibritim  4imC  urm  This  a  not  UiuiUy  p^sible  if  there 
are  4n>  sigmfitant  non-lififaritiec  pteient  in  the  nioderi 
itrueiure 

The  obvi^ut  ^fuiion  to  this  difficufiy  a  to  fore^  the 
artjlyiii  of  modefi  based  upon  the  utilny  maiiiHltirtg  be- 
bjv  wr  of  uik  a  vene  ^ntufld  instead  vk  otk  wtihia  a  tinear  ^ 
nrtJlnt^-equivjIenK^frajncAOrk  m  #hielt  riil;  prefierenoes 
Pla;f  no  role  Thefir&tm^rekampleofrhij^pToaehmthe 
mderoeeonomie  literaLure  appeared  in  ji  eoniroveriial  pa  per 
by:>argsntandWalfaCTtl^^t  It  dev<loi>»)  linear  maero- 
««woAiK  model  whifM  in^Mporate^  UieasT  $upply  h>pothe«i, 
ic  that  output  nuetuairons  iKCUr  oftly  #hen  price  nuc^ua^ 
tioni  arc  rnhpefcfivcd  ^1  anting  (torn  reaf  demand  sMftt. 
SdTgcnt  and  Wallaee  demonstrated  that  my  monetors' 
poh^>  ruk  wbiehpetinititeconomieagenisto  anticipate  the 
future  ehan  jei  iit  the  money  lupply  will  have  absolutely  no 
-  effect  upon  real  virrabln. 

Thu  iitfl  remarkable  icsuU.  tlOi^evcrp  Jt  has  wi6t\y  been 
mihinierprclvd  indicting  that  Lhebypolheus  ofrational 
e^pe^tdiioni  prevludes  monetary  or  fjscal  policies  from 
having  effckls  tipon  real  variabfn  But  in  f)t<  the  Sargent- 
^illj^e  reiuK  ari«ei  toi^y  from  Lhe  cptcifK  jitformation 
»LruUurc  ibe^ftsumcd.  Thttpgmt  wai  made  by  Weiss  (1980)^' 
*ho  dcmon>itaLed  Jbat  under  an  aheicd  jnformatron  stnie 
^ute  montut}  polity  can  be  effective  In  fact,  he  exhibiLcd 
4  po^^v;  bjieJ  ^nl>  itpi>a  publicly  avajfabte  infbrmaljoA 
whHh  ^Ifevuied  inform  aiionjt  defioeiwies  juuauratto  the 
economic  s>itein. 

The  JiietdLure  tiled  thtiJ  l^r  eontami  tatny  new  insights 
mto  Lhe  role  played  hy  ^nformatroft  and  communication  in 
ma^rvetanumit  fluctuationi.  VeL  this  "linear  modefs'^ 
hteteiure  hti  a  lerwus  #ealifiess  tU  bcluvioral  rdaliun- 
ships  arc  bated  upon  tlit  rertainO  tf[vn3\tiKy  hjvpothesJs 
#hi^h  dsierh  ihat  oji\y  the  apcctedvatues  of  random  varr 
abin  ibui  not  their  rakjnets^  affect  economie  dtnMon4, 
thi»  h>po4hf3ii  jhoutd  ^uie  one  10  be  sltcptical  of  the 
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tr.hc^Ti'^i  in  ihfi  i.^*«r]t}iti\  ^cqvi|]hnufn  time  ^clJt^  fJii'*  m 
jilmili  II Willi  i^ii  fjp^Uni  I  intiTnijii:i>n[mlp\jf)^sf  everted 

Hi^irt  d'i^Tii  iri1f|iiJo«C^\kvuicrli4l»    ^^-It^P^vrJlh-n^  4jl  ^["ik 

n^■npt^'1■^fM*^lcK  Ahti.tiiiri.i-ipp>E  h\  AiiH.tinp\i\j\um-^-A 
Jvcf  %t  h^hji  '■■  -vi^ibji     I  Ai}^/^pt  i>>ui]dv^'itjpttl  jJiL  jHi^ 


Juvfl^  in  jliC  ttlJ»ifTfrt  i^4.«'4^^f|iii  tl  n  "lUrf^n >lll]£  IhJkf  lllvfv  li 
>rffujN>  Ti»  i***tii.  ■(!  tdc  otH>Jii>jTr*t>  1^  pji/j(Vnjjf*rtji  j*  j 

fi^r,>r>^^iiiKp  t^hc       kf\n'/i  rttijl  dvii^inn  prijihrcm  ^bfinf 

4i^ji1jhfc  infi-finAlpHiA  'fv^t       '  ^pj  (he  fifs'f 

Ji'intJih'rt  pnve^*  tqVil  hrioin  ihanp^i  n  c^icnipjoik^  l^hnK 
jic  j|l  >^vftJ^v  iiffv^cnU.tw  Jcftoiiii^i'^nTjnni^lcjplvrvilii^ 
p^vjTiiJifi  piii^tscd  ti\  the  t>l ij^ii] jL  rvkriplvrpi  km^tAlcilifi. 

\*  U-t  lhc*tip(vK  '-[Jtf.        fjvi*  Jic^Mi^i.  hoi  Ihoir 

III  hc^*^ilv  in  tlf^^i^vr  htit  fTliiivckv  ^Hcjp  u^^LJ|>kK<itT4n 
irjrtirnpv'iun  ll  k  Ihv  qumii;^^nirjl  ilcvct^^pnif  pn- 

in*i^i  If  j>  r<T*  i^>ptc  ttj*i:  itv  *hc  *vpplicr  ihcmM  in 
\^Ki^intT  hpi  tiuvcf'ithfiirnk  ,iJprnit<;^nu(nhcr^>Lt«ihv>  \unU 

fpr^i         1I  hcinmv^  mifv-iipfipli  (tiffi^uli  w  ifMirc 
ihc  hti^ci^ilpi  rtpi],  m  lufn  JupiiHrJlv  »n,J  vc(i  pi 

I j^^id  iiinj:  hut  iscn  hjr^tci  Up  riiH^^  in  c^ortmnct  icjritii 
^vvcntiflrt^  our  Ui"^  thtum  A^iuld  he  int^mplct?  Aiihtiuii 

ind  iih'ini.ul  ifiriirnihiiiiTn  umph  ^i|vtjinin>:  1  Tv»  fJcn 
(iiitjiMin  ncpait»cii  Li  ^iiuld  ^niTrt^iiniE  lo  vM^mjit  iht 
vjltivi^l  priVnii^  Jtif]  itK  lOsK     pr^TVidillj^  Jl 

.ilu^hol  our  fli^^u^ipttii  tit  irplO'/mjiPHPi)  viinttM^  ibc  ph- 


lilt  >>uipui  >l  ih\  ^p!i>M]>jUiin  pr*Krt^tti^  fnif!J>ii>  i:^ 

Jl  tV'l^li  J  ^I'li^ip^jipipn  tnlh>pJj>JlJttr^  D^k^pfi  H<y  f  fjffll 
p*  *>l^i.it  unAK^iJ^^piJ  Hh-L  tpy;luf  (.itpApuklv  V  nud^  11 
(^^■«^tMc  ni^rH^  pJLLKuUr  pivsT^  Jftji  -^r  in  c^U-ul 
^tim^iiji*  M  LN^Ui^  ihji  fiMkc  Ihv  Jau  miirv  urflul 

*Lti>>  faih^.!  thtu  iriffc  pfifnnnjUiv  l>jij  i^mpffN^iDn  i^f 
i.itj{iii»^t     iii'Ti^-MtK.pJIi  vjIujMc  hc^«4i^^  ihd  \<f*^\  oi 

^.^t^yt^^U^^l^^U\  jTlii  Jlljl)^l\  JIV  Iff  jl  ll'»>1% 

t  tPi  liin  iTt^ih  ^»l  uh^i  *pii£  \i-iii.i4)cf  ^  imft^^rljoi  m  iFid 
i>%^^^nicPii  ni  iiifi)tniJU«>ip  J*  J  v^mimoJiK  nh^rd  ipi  ust  it 
iiK  fiiipjij  i>i  jTitLP-vrk^n  Jt^^^Hi^  A  jU  |h<  puTilr^vr  Jijc^ 

i-i.  lii^jf^khi.  ^pjsi  >n  k^hiiti  jhv  vivnl^m  tjucvtioJi 
^pi  R  jihvii  ^li  n  hi;  *^  Itmmf  /t'pic^nu  4  mold  JO  uhii-tt 
luuhfp  ^u^siiito^viii  J^ki.<l«  iPt  j|  ^jIK  thv  liu^cf'^  «iUTn 
Lpi>ti    J  pffhjpv|iii\rJip^-k4.il  j<^pckr4    IiKiIhJ^iDn  prnhkm, 

fi^i^ik  ihc  u'i>jl  l>iiund^  III  ^ntifm^iiort  ^siMw  Mii  n.4 
pu-pipv^  ■tt-t^  pi-i  fn^jii  ^hji  lfiPiiti>J  m^ighi^  k<)uliJ  not  tK 
«>l>b  i^p^iU  pl  tn^^>i4»!'ii*>iv  jr\  h«  d^v^i  Ihvif  jtiTitiivn 
In 

in  i.i»rtJuiion  Ihv  iv^jlhin  tvel^ctti  lh(  v>pcvi.iiMDi  of 
Ji.\Miin  m4kvr>  jnd  ihc  inl«itpitiU4>n  t  Jiricd  h>  ^i-iuniit 
J.iU  hdilnficJ  jrundjAivnlJliccon^fTviJiKiD  ttftm  ^jiivai 
inlcicn^Y  in  f^*»noinfiic^  ^1<l^t  Cv^^iKitic  d^lj  ^rv  f fh-c  jnd 
qujniiiv  daiJ  ^hic^  ^Fii-rjicd  rtoi  For  Ihv  purpOMT  ol 
vicPtirK  fM>vcf\ Jiiii^  btii  i<r  ^ Hide  the  a1l*K'jtK>ii  of  revpum^ 
1  fflTr^ni:  kmHi^  imJKjivltiJi  fLirrviiiing  mj>  l>t  lofEivj1l> 
impitviiblc  unfc^  ihc  ott^t^cd  (JjiJ  c^iimilijk  J  lOiRpklc 
— it-iH-tiU^  iTMTTT  i-jTT  tIi  f tir  .iuI'-' Fj-Jhcrc^cJf^h  in  i\n\ 
jfvj  k4ivci  mjnv  (jfiulrnn)!  4«pcn  (lur^lino^  (>n  h4>t!t  itiv 
ihoitflu^l  jnd  cmpific.ii  pl-in^i 

4.  Tho  Varue  ot  improving  PublW  and 
'PtIvAte  InfomiBtion 

Thi  iHcvvdin^  ^tL.u^iji^  ibi^  csij>  tiji«  J)  lAlm  ihe 
^lllMUr|  1^  cfii^nu^  inrnrmjUDiid^  j^icn,  jml  Fu^  irdonl 
iKclk^Uvn  ihvvionmnii  si\i«m  rnthK^cthoit  Hvdium^ 
iht  iOci.u  111  fpnpftiwh£  4hc  i\vAiX\  of  mfotnutiun  j^jiLibk 
Suih  pnipiuwnpvmndn  Ukc  ihv  Turin  iif  ^nfc  JC^tiTiitT  ub 
^aijii^-iHi^  /nuK  tJpiU  vuf^iiunitJiii^n  vjli'Uljfiioiti,  or 
rtc*  muric^  01  Moufcdflc 

pn  iifljirke-pmon  sijuslLal  dvtisiim  lhiCof>  iht  i.^'pitccpl 
ip»  oiipfc  pnfinm^i^c      defined     j  wji>  of  uimp^fin; 
fnJiPrnui.^ift  iiruilurv^  \i    due  lo  Ht^vludl*^  [19^1) 
|lHthncr]l>luiU  Sbjplcs  .md  Shvjrnijn\H4^{  Infprmjlion 
4i]|^lurv      ^.iid  ti>  be  JtwK  jitfofinjluvlbjfi  infotflt^Uoo 

wi>ukl  prvlvr  hdiwitc  <ULf »  ^  Mlbvr  ihjn  B  Hti^  rdj 
uomhip  i,pgfiidl  urdcr^nK-  mjn>  |tjirt  (AiBj  i^at^ 
^h^p^'C  p^tiuU  ifcpRid     Ihc  pr^^Ttkm  ji  h^nd 

Ift  lAi-nnmK  |H«jbleiti^  Or  in  mu1h-pU>cf  dceni^nprMb 
kmi  ni*irv  fScnvr  jff) .  lAvre  h  jiddifjoit^rf^mpiiciliodfti 
wA»iIvr  The  plJjTr^  h>iK  jp'trMPt^J  conflKUng  £c>jiPt 
Thtfpr  iKhJiii^i  i>  mil  pcrfiMl^  i^rdiriJlcJ  Cban^inj  ihv 
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«Aforjnaiivn  iirucltiic  cnj>  Jcjid  in  fHw  (iruhlemi  ^^r- 
dmjiton.or  new  jd^crKmtcMivri  LHcvUi'Cly,  ihc JcvtMon 

iliirtcd  One  c^nnoisep^rJic  t^inturnuitoniirutfurcfroin 
ihc  prvblcin        ^v«J,  Ji  m  the  qm  {tUyn 

rjnkmgt  jmon|  tnToinuttoft  strtivlur«(  ifl  ^«it«ij^  mulli' 

ihe  rcveirtJij^cnuC  ibji])ii>  been  puriucd  tviuiuiiuwi  ihi 
^ijt>  lA  problems  n^ii  Mhivh  unc  it^|u«iev  ihc  Ji'iiiit^iivC 

Simple  fdrjmeirii  ^l4>k  Aherfuii'Ci|T  ihen  pj^oll^  jre 
tJcnitui  EHii       f  riur  probdbilistK  Mxtv  nij)  Ik  Afferent 

^jn  be  (klined  m  nmiti-(i^j>eT  vc^k^n^^  Unc  iCUvrmju^ji 
»iWL3.vit  IS  vikI  4v  be  nwrc  inlOFfndii^e  ^b^n  jn^^h^r  4, 
^^y^  the  ^livs  pro^lati^  hdnd,  i])e  nivdci  |>ic^ki> 
^i^ner  expected  pd>4Tf[  Hhcn^hc^LPrifKi  Tirti^iune  t>  I'pcrifii^e 
lhi>  t^pti  of  jnj1>>is  hjs  bKfi  comlucleJin  ihm  dhtmet 
k'Tid^  t^l  mudfK  market  ii>kHlch  *nb  j  J^r^  numtvcF 
ujdefv  auvdvn  mudcti.  ^hKi<  ihc  numbvt  uf  fuicntui 
^Kldcr>  ti  ti*iiimiifk  k|;if«lntjjc  jaJ  t^^i  [xr^iKi  j^jmc^  In 
ti\h  \Avi  ])  1^  tinti  w  I*n4  ^IJ>]4>  *fi  nunlcl^ 

pcrwn  ^i^i^ifl  4hc'>fv,  ii  inifimvcv  pj^ttfl  tj^uc^  m  i\ui 
viojli^bcrnxfi^icij.ri  i*eW  Il>c /cm HJnJtJ<ji^l)i> 

jsjir*  tiKUpki  micrretdtcd  putkel*  lv\  up4ii4i^     vu  hhi 

M*»**4^bj>5  ^i^fMndrjnuiKJlli  I  uiutsv  nurket^  jiiv^^un- 
ttf^  jniJm  nTfijiiexvlihitn^c  ti^^c  mulicpJied  ihe  pf^^btimo 
lor  heOftn^  jr^J  ^pcvuLtiofk 

lAieroi  i\*  ev^in^Tmin^  Ji>r  mjn^  >^jfs  Ihe  c^rJir^t  ^hc^ 

^iiniict  ^irccn  tt.'tSU'*  ^^udicd  ■uiufe>  in^ikei^  *hn.h 
fn^po  rcpCjK'dl^  duF>n|^  i  pclmd  i^l  Ofnc  in  whi^h  h^* 
ipUfinY  uiAifi  i>  ^(intinujjU  jTTi>kn|£;  in  iht  drj>  hhiji^t 
i^t  iF-iiJkii:jiT  bttf|;kn^  fH>T]ii^>  mj.)  I'M^i  vnmt  vf  ihv  fi^l«> 
»>J  l^rKc  lltivtujifim  f*rccu        ^i  >ti  iH  viintiiihtm  ^ui- 

iSpc^vijM V  J-^Mitncti  h^bc  r^k  mull  jic  jre  un^^cOtd  i 

uiif^ri»^  (tie  4|iijiii>  iti  ^Fki{>  turevjfii'i^  mitrui^ ji«itn  1b^pc■ 
^mM>  tiui^iilc  ihc  y.'  S  Ihc  tnicffij^ion'H  J^pcvi^  ^1  ^rj«n 
It  iiUnv  Tijikc  linii*tiedii;c4liEv^i'>  fcIojui  uk^^t'ivc^iiv 
^^i^»1i^|«T^  tr>il  uicf ^  fr>  ^in  iniK'rsmn^  m.ijt^  ^iI  fr^ftis 
Hndh^iO  dfid  ^cMi-in  i^'>'  h<i^c  i^udi^d  (h?  dKivni 
rfw-wf  tn^p^|i><i]K-nt^  -in  ihc  ifiTcnUir^  »h(j\  Thtv  hii^^ 
«T^inrih!ti\i>4hc  ^znclit^  Jn^iiih  ihr  ^^^tip  u^hcfktorh  ^i^^t^ 
j.nii  *n  ft\  h.>v<>ri*ifriiv  >jJuc     ^+tilicu^j4l  Jc^^  ^^iMi>li  ^p4i> 


fturkei  privc^  The  BFaUfurd  Kefejun  gJialyltt  dcKi  noi 
tni.uip^^i4lc  jn  eitptikH  role  Iuf  fulurri  m^rliett.  nor  is  i(  i 
HufJO  modd  Mfn\)  L  S  pfkidufrUpii  it  included 
En^exiffing  i^nr  wutk  m  ilvcj<  dtr«^uun^  *  /  iniefe^i 
iflg  ih^rctKdl}y  dndof  jwtcniull^       piMivdl  impofUiKe 

B  tri/orttiatlott  Ff^ifSJitif  in  Autitottt 

I  ^jn^iDMifl  ih<  ^jlue  >nrurmjiioi}  JtJtUble  ti>fdiiKi- 
(uiih  m  du  4uvii^n  1^  jn^/tNer  jre^  wbeie  rCv<ni  rej^jr^h 
(liTu^cJ  liniiJui  Btvj(f$<  iJk  mln£^/^<f fling  most 
du>ihJi,v j^ftiuwn4bl>  >iinp)c4n<t  Mcil-speufteJ  ^n^bvuui^ 
■4h^wki/ftic  ^  jn  juviMH  depends  uuvuity  on  iht  jtuvaic 
vpimk)n>  vi  ihft  bidden  jbutii^he  tjbjevt»  beii^  lOTd.  Ihe  ivk 
vl  inl\/ini4iit»Ti  iH  Ativti^i  dn  micrc^ltn^  and  UJildble 
tt^pivJui  iltjd>  To  tome  of  ihe  ^Hu«s  lliM  anj<, 

ktv^vun^idei  d  >«dlcd-tHd-wndet  duvliuAJorduUing lights 
vn  xrm«  vii-bf4rin£  pFOprrt)  TIk  ^d)u«  of  iKne  Rghls 
^pcnd>  'jn  Uic  aiUvHiU  ufuil  pi«»nl,  >ii  vf  rhO^cry, 
ii^  4^ujiiii>,  fu1tir«  prive^  M  icftned  peUokiiin  pivducli, 

ItjiTdfrs 

lu  d  tir^  4ppruJiimjliu(i^  ihc  ^jlue  ofihci^  Fights  lo  ibt 
^  jiiuv^  bidders  vjn  be  f«g>iidcd  d>  ci^u^Lbut  rb«  bt^di^atc 
likti^  w  li^h«dirT«ringoUm«ii«i  uf^hti  ^dluc  Othc^  Ihrngj 
bci^ig«qudi,ih«  bidder  i^ltt^wt^iim4l«tscr«H^ti*  ill  lender 
i\ui  iii^ht^  bid  Cun]4^ucml>,«v«nif  dllbid^cfsniAke  tin- 
buvcd  fvUniiiKf*  ihc  «vjnncr  will  fjiid  thai  he  had  ot^r- 
v^i'o^jint  ^^dij^j  ilt<  ^dluc  4)^  the  j^hl^hc  hjj  woa 
iVtEolconi  engineers  b^ve  cljimed  thJi  this  phcni^mcnon^ 
knuHn  ih«  nnmetj  *ws<,  is  jespuniible  for  Ihe  lo^ 
rii^iirrc4rfudh>  iiilu>inpjnie^v>nt>iniiorcif3axmlh{  iVOSTf 

)hcr«  4r«.  b^^cxr,  wunkrmei'(tfr«]  jvjildhklo  j  bid- 
4cJ  i4>  amdiutjlc  Jh«  rtinnci's  ^urse  1  irvt,  d>  U'Jsoo 
^r^TT^^iuiuJpJltc  bidJcT^nfM<4  hi>bhlbolhoiihi]j^-iU4l 
inMnulAun  jnJ  ufi  Jh«  b)potbctl»  tFut  ushers  luteins «n- 
vuutjL^m]^  >nfuribjiioft  Sv^und,  he  ^^ii  gjlh«F  JddilioDjI 
^nlvim^tiun  it>  F«duk«  A  Ik  «rFur  jn  bii.  cMiinjt«»- 

HVti^£rh>indn4  ^^«bcr  il^Jj^'  bj,^<  found  11  VKful  tadt- 
'  1^  ih<  vlTcvi>  or  neih  pri>jic  infurmjtJun  mlo  Ihrve  i^le- 
^'rie> .}  i]>U  the  tnrurmjupn  nuy  iiTijir<ivc  jhc  biddct^t  tjluc 
^^t>mjic  jk\undi  a  ni4>  >niprv^«  Ins  «t4^mrt«  of  bi^  vom- 
P^iiMi  >hMyhid>  Do^hul ihc>««IT«>t>4Ee unvquitocjj^ 
Kn^rivijUkihift) 'TbitJ  ^ihc  '\«^petU^c«rTcef'  if  other 
hiitj^^  i.i\i/VY  ihji  line  MJcr  h4'*  gjii1i«rfd  mfotmdiion^ 
»hch  in^^  rt>i>c  jhiir  biMn^  itrjtc^ic^  Kcr4li^cl>  ^<\l 
>Dk-inicd  ^-"inpciiMvu^ptinJb^  hiddifigiKorc  jggr^^i^dy 
■Ait J  ivJji^vti^  puuilj  -inlt^fincd  biJJcrt  become  more 
H  juiit^u«— Ihc  briNn^«  Jcpcndvunih«  m^iurtbctcMd«rs 
s-IT^^i^  public  infijiinjlJun  ihc  iiuUon!«  vf  jn 
btftii  -ii^idHf^l  h>  \M|;r<^m  W^cbtf  ^  19W< 
l'>Mj  Su^^  clfc\t^  ■iri^c  *h«n  ihc  gu^«rAm«nl  ^omJu^u 
)c^vki^'i>jl^^M^^in  ,ii>i+icii('jiluil  hc4ring^i(C4ndpuhrMfcv 
ih\  U^i  I  t^ub>  To  J  /eficf  fli^T^I  iif  ju^liuns  >lis  tho^ft 
Ibs^i^m  lhr<^  viininiim4u\ii^/it  nifvh^ni^ii^s^  pubiktr^ng  in^ 
tiir^jtion  r.iiic^  usddfLti  pn^c^ 

lh>r^  >^  movh  ihjLf^mJin^  Ui  bcdonc  in  jiih.iionlhcor> 
I      rfk  ills'  iimplc^  4kfvli^i(i  M:liifl^,  ihc  ufiic  of  ln^lrllVl1lo^ 
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undmlwO.  M04^er<  miHi  nmmg  ani^Ks  tgnocc  the  faci 
thA  «nfvrjndtion  if  uxd  poi  vnl>  ioi  pncplrmg  blll>^4■..llH> 

inlutntjiioin  «n  ih«  lund^uf  fining  bidders  mty  ihj>ic<| 

mjtti/fi  |fjih«ring  i^n  P^bi^  *t\\MC      mi  n«d  i^it^dy 

v4)«  wbfrt  -1  ^ngk  object  If  ofTcrcd  foi  >jl«  In  ju^ti^ms  \\n 

^nvolvo  ittt  Minultjnniii  >jJ«  ol  pcrhj[»  1^0  ojitf  Th« 
njivrt  0^  opl«ni4l  bfdifmg  >trjitcgieh  in  ihdi  Kiiitig  n  ^ulL 
nut  otidcrsiovd  ,Sg^b  jn  tifidtrikjndmj^  iv,  i/f  wuix.  j  |HC- 
rct(Uiui«  Uf  iin^Jhdif^  Ok  dTots  ihK  inroriniiHHk  ptiMic 
4nd  prlv4l«<  Itaf  On  bid^in^  bth jut>r 

\  rdflcfl  »l  ^rqunlmni  ^onvcrn^  how  an  gilfbcld  tto^ 
tnrttWy  tipTorcd  *h«n  f^^nftpciiton  ituy  own  (Iw  nehl* 
j(^^«ni  ^Kidi  tbi^  Kitm^  4)m  rum )  tfr^^J^tun  «v 
pcndtmni  cjin  diKCily  btncHi  j  campcmor  Con(cqii««iily 
tn  lti«*jvetig£i  fyt  IbCK  F^oiMrlKf^  a  riint  r^jjr  choo^lo 
(dj\c  high  bid(  on  Mvcf jI  ddjjtcni  trails  ig  gei  hiU  vjtuc 
from  tl(  fxprof^lton  ocUvititi  ot  n  mty  «hooK  tci  pl/tc 
fv^Ucred  bi^h  bH]&<  tn  jn  jh«m;ti  io  bcn«rii  Aom  tb«  «^ 
plof  jUofi  done  by  qihcr^ 

AntMhfl  (rnd  gf  juct^^  ofg^cat  prjcdcat  ngmncanc^ 
uwvufc  djriy  on  uUt  J^rgc  mtir^hcf  tf^FuiteFf^  where  bg}f«rs 
jitd  vJkr^fn-t^c  ofTtU  jnd  bidv^nd  u^de  setunlits  ll  it 
«*d«t>  btli«v«d  Ih^l  Ptttr4i«ly  hefd  Inr^rmjlign  ivmthow 
^omc^  to  be  ic^Tecled  iit  KcgntiFf  piKts  It  Ktnis  liktly 
tfat  !M  dcUitcd  fnod«l  o(  Ibtt  ftri>ccss  ^outd  be  hclprvl  m 

 fMmirtB-^bc  ItjdinjJ  f  Ljlt^i>|_|tty Ulljjj.l  CjAJljQiitS.  rit  _ 

v^riun];  diuMutt  Ijiw^undtm^ndtni^  \bt  tffciDiif  insider 
lljdtnff.  ^iad>ing  corporjie  biunctjl  siraclitre  i[«»ignF, 
jnd  jnjty/ing  how  vkellihe  fnjrlel  p«rforntft(s  function  of 
funneling  cjpiOllo  tU  tao\t  ptvdgcltvc  uKf 


C  T5Se  I'a/iif  n/"  ff^ffmjaticn  in  Gomti 

hinjIJy  co/ne  lo  the  iiucttion  oftbev^ruedinfoiind^ 
in  l^g-p«rvon  £jine^  fhe  g jmet  mtnt  vtidetr  studied 
jriu  in  tilut  ^n(mn  4)  plinctpjl-d^nl  piObkAtt  An 
indtvtilujl  fjciriig  j  cljtitlic^l  decKiM  probtvni.iJK  pMnci 
pdi^dckfjio  ^be^hou  ol  J^iu^iign  iv  «  btiKi-mMnKd 
P^Ver.  (he  Jgeni  The  jgeni  il«>  not  bjte  itK  ume  |>a>0rl 
One  poiiibFe  v^iy  lo  tniprove  ii^e  te$iitl  Kfgr  (he  principal 
(g  bmi«  Jhe  Jtliiin  to  j  LeiUift  iubtel  of  |W)>thihUe^ 

Ia  ibK  tflnieiL  OKcn  jtid  Slvk<j  iiSBtkjJbJ'*.  **  hjv? 
ihgihn  ihjl  tflhc  inrgrmjiignji'mpioiemenl  i^itw  rcdiK< 
imn  ^n  itte  prgbjblbly  of  j  lotjily  uninfoimalueQbKrvs- 
lmn<  jnd  jn  cqMiproptmignjlc  inclejKjn  (he  p^babililin 
uf  jII  k^ihcr  obtervjiigns^  iben  (he  Pimctpjl'i  welfare 
ftnesihitil^  «mpl4Ji.ef  I  ur  ihc  jgeni<  nu  Jnft>rin4lignjl 
prOvcnien(  cjn  ^  jldii(ce  j  \ielfire  tncrc|v<  even  if  (he  (^g 
pi  f  yell  Fuve  tdenitcjl  pj>gff«  jnd  <Jiffcr  gnljr  tn  ihetr  pnor 
probjbtlntic  beliefs 

Crjvkfoid  jnd  Sgbcl  hdve  4iked  iheionverte 

qmlion  u  hcndgc«  ^  more  ^iniUr  lUir  ofobK^ne  fancliont 


«iidu^e 't  highei  df^et  ol  fide^it^  m  the  e^uihbrtuin  trjni 
ntitiit>n  of  mfulmaiiOn,' 

TliLs  line  of  fe>cjhh  it  ob^iouiJ^  in  gnl>  ili  formjttvc 
^tjgeiL  Tiu  /igfM  ihji  une  i,jn  develop  3  theory  of  the 
puienitjt  (hdfjre  efkMhufimpjruvedjnfi/rmdtion  lo  pljjrers 
in  jg^mcjnd.  tn  ihisiNjjr<dt$u>vcr  whether  (he  jpproprtjte 
iiw>i  .  lor  «nfotmjtign  gilherui^  jnd  ditxminjlHn  exitt 
U  J  et  migbi  li/>c  fr^^m  jbqurrinfiingretnformjltofi^he 
i^nngi  be  i,ipccled  \o  tnveii  in  mh  ^^qu^iltons  Pfospet- 
iivcl><  IhcfClgrc^  ihc  ^rj^nitjtion  gf  lommiinKiiign  and 
^unii^l  mighi  be  »a  jrrjoged  p^gvnleihe  Fight  m^n 
iive\.  ^lomihc  gruup  a  poiniol  ifiew«iolhenienlbef>  whoK 
M,\<Vi  lo  ncvk  «nfornijti4jn  w^jiild  be  of  (be  gieainl  ^alucv 


|l«t«r«ne«t 

FouAjftion,  Vj(e  t^fwerhl^.  Nc^  lltvtn 
J     ^  ?  IrJMf  U0J7^.  5l4U^jj:[jOTflpbK>HS«i«lulE<«<mfniU, 

*    K  J  Arfo^U^^h.  AntilrouMorttc&iwTbHitmofCUiucill 
Kclrirc  LconQnici.*'  ^iftttfiittt  ottht  S*coa4  Hrritkjr  Si^Ai. 

?    T  L  k4i9mib>0^^tt<  Aaivfiy  AniW  «4  (V^^Kt wi  ll  d  All?' 
uiHW,  L4«k>*'jwti4*twiiii0iiotfirA.  U^ll<^^rw  v«rk 

 .H  (l9JfJ.fVrf£FMfro4fArSWf^£n>writtJ:r<nirA 

McOrt*  mu  Nt»  yoii 

«  C  tptki  fl^l.  *fbf  C4<nr4e!iitr  «r  E^aA«i*c  Dvdttoo  AukfT 

McUiiouibifvdw  ^ntlJ^JJ.'JiQkWcKfwkt/AtvfrdU^" 
Aif^fi  ^  UdrA  wiifuT  »ai*Fti<t.   \tJ- 1'^ 
9  Sf«  T  Miriehi^  ^riMiiiwn  Dtivn"  in  K  f.  aicqw  ind 
M  lnliiMtitQr<c^},>tj4aM^o/UiiiU)njif»/£VA»^.NQn^ 

trolLlltd;  Aff  Uf  tJtiA.' 

N  I-  A  Vai  M^^cl^-lfaf  Vieof  KfM-MtctnSoMir^'^Jmrh^ 
\t   %  OrcufURL  'Rti^ful  Dp«tiiHnt  tt4  tht  AI[«iIioa  of  Ke- 

|79  l<.UfHvtrbt>oilYnn^>|viiN 

of  Etwmit  SrtiJUi.  Vol  44,  lAj  D  Krr«4w  *A       en  l-uinil«d 

ft   i  $  lat4an.  "AiioatKM      IV«driii«i  tn  ^i^jiic  Eaykoii. 
Anil}  An  tkuKFtiT  ThfOir  '^■l  nftnciw  UKm'^  CtAUt  frt 

$<c  JordMn  0p  {M^SatwiJ.  <nd  It  lU^nib  '"C^wl^'toafli  imfn 
ViKcrtifJiU.*  Se<Tt4A  6  iM^MfnnHtt  thtrim.  m  Air^in^  (its 
ff*^lK«kdl//4W^A^Ji/44Vnd^if«rC^«fl#«j(f.Voll).N(m}^^ 

l>     A  1^  PhlhjVI|4V^).  IhlRtlllKHlBlL^WlOfHnptQyiMAKndlhC 

KilC    l^hifxtc  «1  Shatj  Wife  Riirt  hi  4ht  <frn\t6  KiPt^f^t 

16  fl  t  Ik»  rt97J|.  ~£xP«WvimA4lht  NtvlnliirorMoocr.'' 

17  T  >  Si^rn^iAjF^  WilUcc  t19}^I.''Jt<iw<vi(Ei|>MtbMi.  ib< 
Oticirtul  MwcUiT  ntMnjrxtK      thtQpiiAi^  Monty  |tuk^ 
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3J    i  H*«Mh(w t(*T(J,  Thf  pnTiifliAi]S«ulVilviorinr«Ailt<HI  j         g^j^i  Jn^iy iiw)*^.  A T*o-PtftMC*Bi* ofljirortli. 


ruwHi  P«JHiN4  77^ 


<.i«p  roifuiliBl  «4tb  B«>ttiHi  SfvcuUtfftt  T^niT  iH  Brapmal  niniOA^  DuetmiM  P*pef  DcpittmtAi  sfGmwnpck 

Mr.  Walgrek.  Thank  you  very  much^  gentlemen^  for  all  three  of 
those  statements  and  your  contribution  to  the  support  for  this 
area.  We  have  been  sort  of  focused  on  this  1980  year  level  of  fund- 
ing. Thatj  tooj  is  arbitraiy  in  every  way^  I  am  sure.  It  has  a  politi- 
cal mark  to  it  that  should^  I  thinks  find  broad  support  on  both  sides 
of  the  aisle.  Yet  I  couldn't  help  but  note  Dr.  Juster^s  comment  that 
you  really  have  to  ask  kind  of  a  different  question  as  to  the  level  of 
funding.  The  question^  I  guess,  is  what  do  you  not  do  and  how  do 
you  measure  that  ap     ,  what  you  don*t  do  in  other  discirlines^ 

also-  "  

That  isj  of  course,  a  very  difflCUltrthing:  Could  I  ask  each-of  -you- 
for  a  thought  on  how  you  would  arrive  at  recommendations  for 
what  the  funding  in  this  area  should  be?  Maybe  that  is  too  general 
a  question. 

Dr.  Juster  has  already  sort  of  set  out  a  pathway  that  seems  a 
very  constructive  one»  but  one  that  is  very  difficult  to  give  meaning 
^to  except  in  terms  of  the  individual  projects  which  you  did  lay  out. 
.Do  you  h^ve  any  'guidance  for  the  committee?  How  do  you  react 
toihe  fact  that  we  are  22  percent  below  1980  levels?  What  do  you 
feel^^was  really  lost  in  that  reduction?  Do  you  have  any  advice  to 
the  committee  on  rationales  for  future  funding?  I  know  that  is  kind 
of  a  general  subject  and  not  really  a  direct  question^  but  could  I 
just  asl^you  to  give  me  your  reactions  and  commer^s  in  that  area? 
Dr.  Juster. 

Dr.  JusT^ER.  As  you  suggest^  Mr.  Chairman^  it  is  a  very  difficult 

auestion.  L^t  me  put  it  this  way:  What  has  been  lost  would  be  very 
ifferent  if  the  support  levels  for  the  social  and  behavioral  area 
continued  on  the  same  trajectory  as  they  are  now  on. 

Part  of  what  happens  is  that  the  initial  reactions  of  the  National 
Science  Foundation  programs  in  the  social  and  behavioral  science 
to  that  kind  of  reduction  is  to  say:  "Let*s  hope  that  things  recover 
andj  therefore,  let  us  adopt  strategies  which  presume  that  things 
will  recover  in  the  future. 

Thus,  you  don*t  eliminate  whole  areas  of  work  initially.  What 
you  do  iSj  you  say  we|lj  we  will  take  eve.rything  and  cut  it  lyy  a 
third.  We  will  lop  off  a  (ew  fringes  and  try  to  make  do  temporarily 
with  the  hope  that  life  will  be  better  in  2  or  3  years. 

Tliat  strategy  is  perfectljj  viable  for  a  period  of  1  or  2^  possibly  3 
years. 
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^  ^  Aij  a  long-term  (jrwjjubitioii,  it  is  not  viable,  so  that  what  happens 
is  what  has  been-fost  ib  different  if  you  measure  it  over  the  last  2" 

 or  3  years  ih^  what  would  be  lost  if  the  same  pattern  of  funding 

continued  and  that  was  regarded  as  the  new  level  to  which  every- 
one would  have  to  adapt. 

There  is  an  adaptation  process  involved  here.  A  principal  thing 
that  has  been  lost  is  that  ^  very  large  number  of  younger  social 
behavioral  sciunti&t^  have  been  discouraged  out  of  serious  scientific 
*  careers. 

We  have  had  a  half  a  dozen  of  our  young  people  at  the  institu- 
tion that  I  direct^  the  Institute  of  Social  Research  at  the  University 
of  Michigan,  who  Kave  decided  that  being  in  the  business  of  pursu- 
ing a  research  career  with  grants  from  the  Federal  Government, 
either  the  National  Science  Foundation  or  elsewhere,  is  not  a  terri- 
bly attractive  enterprise. 

These  are  timart^  bright  young  people,  the  kind  you  like  to^e 
encouraged. 

Instead^  half  a  dozen  have  been  discouraged  out  and  are  doing 
different  things.  Graduate  students  that  have  a  choice  whether  to 
go  into  the  social  sciences  or  the  natural  sciences^  or  go  into  some- 
thing quite  different^  And  there  is  little  opportunity  to  become  a 
graduate  student  research  assistant  working  with  a  more  senior 
professor  on  a  project  and  being  involved  in  the  learning  process. 

Mr.  WALGR^:N.  Let  me  ask  you  this  then^  and  the  other  members 
might  want  to  comment.  One  approach  would  be  to  try  to  measure 
^ — ^,^-whatisJiappeni.ng.  to  the  personnel  area  and  whether  or  not  there 
is  the  proper  strength  aha  commitment.'In  fact^  ixs  this  develops  to 
crisis  proportions^  we  do  that  with  engineering. 

Finalljf,  the  Congress  is  putting  all  kinds  of  money  there.  Maybe 
the  National  Science  Foundation  ought  to  be  telling  you  that  they 
have  evaluated  the  manpower  commitment.  To  the  best  of  my 
knowledge,  I  know  of  no  such  approach  they  take  on  an  organized 
basis*  What  would  happen  if  you  took  that  approach  to  the  social 
and  behavioral  sciences?  What  would  they  find? 

.Dr.  JusTER*  I  think  the  first  thing  you  would  find  is  it  is  difficult 
to  get  the  relevant  numbers.  That  Is  where  you  start. 

I  think  in  principle  that  would  be  correct.  You  could  move  in 
that  direction.  If  you  were  to  ask  me  whether  or  not  it  is  possible 
to  make  a  scientifc  judgment  about  the  value  of  $5  million  worth  of 
research  in  sociology  or  political  science  oreconomics  or  psycholo- 
gy>  and  $5  million  of  research  in  physics,  chemistry^  or  molecular 
biology,  my  bottom  line  answer  would  be  that  if  >ou  try  to  make 
that  comparison.  It  is  a  seat-of-the-pants  judgiuent  and  you  can*t 
get  much  help  from  the  scientists  in  providing  you  with  those  judg- 
ments* 

We  can  make  pretty  good  judgments  about  what  ought  to  be 
done  in  molecular  biology,  or  economics,  or  sociology^  or  anthropol- 
ogy. But  if  you  start  saying^  what  is  it  worth  to  have  this  activity  in 
molecular  biology^  or  that  in  economics,  you  can  talk  about  it  in  a 
general  way  and  get  a  feet  whether  there  is  something  exciting 
going  on  or  whether  it  sounds  dull* 

The  scientists  themselves,  if  they  are  candid^  will  say^  well,  this 
set  of  thingsi  that  field  is  not  buoyant  right  now.  It  could  do  with 
no  growth.  You  will  get  people  to  admit  to  that  kind  of  judgment. 
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Quilt'  fmiikl>.  ^(1  IjuttuHii  il  to  be  a  judgmenl  whitjh  is  outside 
of  the  bt^icntifk  *-urriiiiujut>  hctaubt-  tht*  criteria  by  whrch  to  make 
that  judtrment  are  bimi>t>  not  nvailabk\  You  n^'^'d  an  estimate  of 
the  stream  of  benefits,  the  futurt  bt;nefitb  coming  from  these  in- 
vestmentb.  We  can't  do  that  realistically.  People  have  to  look  at 
v\hat  it,  proposed,  at  what  is  being  done,  at  what  is  missing.  They 
havu  tu  ba^  to  thenibeKt^b,  thib  bounds  like  an  area  grossly  under 
funded,  blightly  o\erfunded,  or  ma>be  not  underfunded.  That  is 
what  I  tried  to  cunve>  in  the  dibcubsion.  The  evidence  seems  to  be 
unambiguous,  the  social  behavioral  level  isgro&sly  underfunded. 

The  scientific  quality  of  the  nruduct  is  such  that  even  in  ^he 
^  before  the  cuts,  the  social-behavioral  program  was  at  least 

as  high  quality  as  the  physica'  and  natural  science  programs. 

There  was  an. i^SE^ panel  wMdUboked^LtbiiLqg^^stioArr ^he  

Simon  committee.  They  said.  As  best  we  can  determine  from  the 
evidence,  these  programs  are  at  least  as  high  quality  on  scientific 
grounds  as  the  ones  in  the  physical  and  natural  ^sciences.  What 
the>  did  was  verv  inventive.  They  looked  at  the  quality  of  rejected 
projKjsals  and  asked  themselves  which  sounds  more  exciting. 

'Iheir  eonclusiun  was  the  social  behavioral  ones  that  were  reject- 
ed  were  better  than  the  other  ones  that  were  rejected.  If  that  was  . 
true  before  the  cut  in  1980,  it  must  be  true  in  spades  after  the  cut. 
Thctee  are  the  kinds  of  crit*?ria.  They  are  quite  vague.  They  are  not 
quantifiable* 

I  \\ould  hope  one  of  m>  colleagues  could  provide  a  more  quantifi- 
able way  to  do  that.  I  can't  think  of  any  way  to  do  that. 
Mr.  W^LGUEN.  May  I  ask  Dr.  Leibowitz. 

"Dr,  VBTnOWH^.  We  seefn  to  overlap  in  our  approaches*  I  think  the 
worst  thing  we  can  have  is  selective  cutting. 

As  Dr.  Juster  points  outi  it  sends  a  signal  to  young  researchers. 
This  is  particularl>  bad  in  the  behavioral  sciences.  Unlike  engi- 
neeringj  ph>!jics,  medicine,  the  people  who  go  into  the  behavorial 
sciences  decide  rather  late.  , 

Most  of  our  ps>eholog>^  majors  knew  nothing  about  ps>-chology 
until  they  came  to  college.  The>  decided  late  in  their  careers  they 
were  g'oing  to  go  into  this  field. 

WJien  you  discourage  students  and  young  investigators  by  mas- 
sive cuts^  >ou  reall>  eliminate  our  moht  precious  possession,  our 
_«^ung  people.  I  think  it  is  wors*  '  *he  behavioral  sciences.  I  think 
what  We  need  is  an  immedia.  al  to  reverse  this  and  say  we 
made  a  mistake,  that  this  won'*  Jtappen  again* 

At  least  we  should  maintain  parity  with  the  other  sciences. 

You  asked  a  difficult  question  about  comparative  funding.  I 
think  I  appreciate  the  question.  That  is  how  do  you  decide  what 
not  to  spend  money  on.  I  suggest  that  the  NSF  staff  is  m  the 
unique  position  to  make  this  cTeeit^ion.  I  said  before  that  NSF  was 
unique.  ^ 

One  of  the  points  I  had  in  mind  ^vas  that  unlike  other  groups  in 
Washington,  the  staff  of  the  NSF  is  very  close  to  science.  They 
come  to  t)aiiel  meetings.  They  can  discuss  science  at  the  highest 
levels>  in  terms  of  interacting  with  res'earchers.  That  isn't  true  in 
other  agencies.  I  think  the  NSF  staff  has  a  good  feel  in  my  experi-  ' 
ence  for  what  fields  are  productive  aad  which  ones  arent,  which 
ones  are  worth>  of  being  supported  and  which  ones  aren't.  I  recom- 
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mend  them  as  the  best  possible  source  fQr  helping  you  make  this 
difficult,  comparative  budgeting  decision, 

Mr.  Walgren.  Ai  some  . historical  support  for  that^  a  little  politi- 
cal in  nature,  it  is  my  understaniiing  the  NSF  staff  never  recom- 
mended any  recjuctions  in  social  sciences.  This  flowed  from  OMB» 
and  I  believe  historically  it  will  be  seen  as  an  example  of  the  real 
Achilles  heel  of  this  administration.  \  '  ^ 

This  was  that  they  drew  a  budget  on  a  line  by  )ine  basis  out  of 
0MB  that  then  by  political  force  was  imposed  on  the  Congress  on 
the  country,  and  on  NSF.  \  ^ 

That  budget  had  none  of  the  sensitivities  which  we  rely,  on  these 
other  institutions  to  provide^  and,  therefore^  it  could  not  be  reason- 
ably responsive  to  the  needs  of  the  country,  or  the  science  in  this 
area.  o         '  ^  * 

From  my  experience,  your  suggestion  is  certainly  a  positive  orte. 
If  that  decision  were  made  by  NSF,  we  would  not  have  seen  these 
kinds  of  cuts. 

Mr.  Wyatt? 

Mr.  Wyatt.  Yes;  i  think  that  the  National  Science  Foundation  is 
essentially  the  pure  research  financier  of  last  resort,  it  is  a  place 
where  what  is  referred  to  as  undirected  research  is  finance^;  yet  it 
is  that  kind  of  research  that  has  produced  much  of  the  current  wa- 
tershed of  technological  activity,  for  example,  recombinant  DNA 
technology.  The  research  goes  back  30  years,  if  you  look  back  to  ' 
the  threads  of  research  that  led  to  recombinant  DNA  technology, 
they  were  many  In  number.  They  essentially  all  derived  from  purej 
research.  * 

My  own  feeling  about  it  is  that  the  country  should  just  make  a 
decision  a})out  a  percentage  of  funds  to  put  into  this  area.  It  should 
keep  the  Judgments  to  be  made  on  what  gets  funded  in  the  peer 
group.  That  has  been  tested  broadly,  it  has  be^n  tested  well  it  does 
work.  In  fact,  it  is  a  mistake  to  go  down  into  the  lines  and  start 
pai:ing  away,  i  think  there  are  two  issues  there.  Firsts  to  decide  on 
a^percentage  of  the-gross  national  product  to  invest 'in  this  area 
and  Just  do  it.  Then  to  keep  the  evaluation  of  the  quality  of  re- 
parch  in  about  the  same  hands  that  it  is  now  with  periodic  re- 
views and  checks. 

Th^c  is  a  third  problem  that  was  mentioned  earlier  I  would  like 
to  Just  ppt  another  perspective  on  it  The  problem  is  the  reduced 
4iumber  of  students  coming  into  the  research  community/fewer 
Students  being  encouraged  to  pursue  re?^arch  careers.  There' is  a 
widespread  problem  there..U  is  not  just  in  the  Ijehavioral  sciences, 
it  is  in  every  scientific  field.  Even  those  students  majoring  in  the, 
hard  sciences  and  engineering  are  being  drawn  away  into  the  Job 
market  for  two  reasons:  the  cost  of  education  is  high  and  the 
demand  in  the  work  force  is^igh  for  those  people. 

i  really  believe  we  have  to  get  back  to  some  form  of  merit  schol* 
arships  in  the  sciences,  broadly  defined^  that  provide  a  means,  a 
mechanism^  whereby  bright  students  can,  without  bdng  direct^sd^ 
where  they  must  go,  pursue  their  own  course  on  a  means  independ- 
ent basis. 

Mr.  Walgren.  Mr.  Dymally? 

Mr.  Dyj^lly,  Thank  you,  Mi'.  Chairman. 
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Dr  Justen  you  werL*  reluctaiiti  with  good  reasorii  to  be  very  spe- 
cific about  Some  of  tlie  programs  that  you  think  can  be  funded.  So 
this  question  is  really  designed  for  a  written  response.  ^ 

Would  you  write  the  committee  and  suggest  some  programs  that 
could  bo  targeted  for  funding? .  \ 

NSF  has  a  tendencv  to  select  safe  projects  or  spread  themselves 
so  thin  that  everybody  gets  a  little  piece  of  the  pie  which  lends  up 
io^eu  crumb,  and  nobody  gets  enough  to  do  something  of  liny  sub- 
stance. ,  I 

Dr.  JusTER.  May  I  comment  briefly?  I  am  certainly  willing  to  do 
that  I  do  cover  some  of  that  in  the  testimony.  I  am  willing  to  give 
some  thought  to  that  and  send  the  committee  a  note.  I  would  s^  it 
is  well  to  keep  in  mind  that  the  procedure  by  which  the  NSF  de^- 
cides  precisely  what  to  do  is  only  influenced  by  no.tions  about  pro- 
gram areas  and  in  a  quite  indirect  way. 

The  National  Science  Foundation  ran  decide  to  have  a  program 
which  broadly  describes  a  set  of  research  activities  which  that  pro- 
gram is  designed  to  support.  Precisely  what  gets  supported  is  pot 
something  which  island  quite  properly  so— at  the  control  of 
anyone  except  the  peer  review  panels  at  the  National  Science 
i  i'oundation. 

They  review  proposals  that  are  sent  in.  They  say  this  one  looks 
very  good,  we  should  do  it^  This  one,  although  it  is  interesting!  isn't 
very  good  and  we  shouldn't  do  it.  <^ 

That  is  th*>  peer  re^'iew  process.  It  has  its  flaws.  It  is  like  a  lot  of 
other  things.  It  is  a  terrible  system,  but  is  better  than  any  other 
one  anyboy  has  thought  of  yet. 

;  I  think  it  is  well  to  keep  in  mind  that  having  ideas  about  what 
tcind  of  things  can  be  pursued  is  not  the  same  thing  as  having  a 
project  undertaken.  Ideas  will  not  necessarily  eventuate  in  activ'- 
ties. 

The  peer  review  process  is  quite  p^-obably  a  bad  way  to  allocate 
fundst  but  is  probably  the  best  of  ^It  ti  e  bad  systems  one  can  think 
of.  t 

[The  information  follows:] 
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In  addUton  to  ihn  research  activities  centered  arOtind  cb«  cr^  Ion 
and  an^lysU  of  scientific  d^ta  baaes.  there  are  a  ^ec  of  other  filgh" 
priority  research  activities  tfiat  cannot  be  accommodated  within  the 
FV  1984  budget  request. 


Tbeory  of  Karkets^    E^Onoiqlsts  have  typically  worked  with  a  theory 
of  rurkets  vhlcb  is  deductively  .ba3Gd«lt  inakes  Inferences  about 
behavior  fron  assumptions  about  the  objettlves  of  declslot^>(hakers 
and  '.he  technical  Characteristics  of  production  processes.  Recent 
resea^th  ^^n  this  HTctt  has  tried  to  simulate  the  behavior  of  inarkets 
in  an  %^xper lirental  setting.    It  turtis  out  that  market  behavior  can 
he  reproiluc^d  In  sucli  experimental  settinf^s  provided  the  subtects 
are  glvet^  real  It^ccntlves  by  payinent  schemes  that  depend  on  per* 
fonnat^cei    The  Idea  is  provocative,  since  ot^e  ean  then  examlt^e  the 
Internal  structure  o£  various  types  of  oarket  In  a  vay  that  would 
nat  be  possible  in  natural  settings^ 

Moreover,  tbe  use  of  experimental  ctcthods  can  be  extended  to  inarkets 
In  uhich  there  are  no  prlces^^bureaucratic  decision  processes  ean 
be  thought  of  as  a  kind  o^  market,  as  can  political  decision  pro" 
ceases.    But  this  work  i^  expensive,  and  cat^not  be  continued  on 'an 
appropriate  scnle  within  the  budget  requests 

Statistical  Methodolof^y,    There  arc  at  least  t«o  important  areas  Iti 
whlth  the  devetoprreftt  of  new  statistical  methods  is  possible  but 
nOC  capable  of  ictplertentat Ion . 

One  Is  Che  development  of  new  methods  for  handling  longitudinal 
data,  obviously  Important  as  an  adjunct  to  the  creatlot^  o£  these 
relatively  rare  and  n^  types  of  data.    The  error  structure  In 
lonj^ltudlnal  data  Ls  sonevhat  different  than  In  Other  types  of  data^ 
and  ncv  methods  need  to  be  developed. 

It  Is  -now  rccogntscd  that  one  of  tbe  problems  with  the  perfortnance 
of  macroeconomic  nodellng  systems  Is  that  a  basic  assumption  made 
In  ^uth  EM>del3 — th&t  the  underlying  structure  of  the  ecot^omy  is 
stable — is  highly  questionable.  Estimation  inetbods  to  deal  ^itb  a 
variable  underlying  3tr>jcntre  can  be  developed,  but  again  they  aire 
expensive  and  precluded  within  the  bttdget  request. 
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ApPllcoClooM  of  Pnslc  Koovlcdft<^*  The  [j*S*  courts  are  cloRf5«d  with 
ctvtl  sulta  dealing  with  Lltlgacton  relating  divorce,  accldenca* 
Industrial  coqipensaclonT^  ecc.  These  suits  Impoac  enotmous  burdens 
and  costs,  and  there  la  some  evidence  to  suggest  that  oiodlatlon  Is 
boch  aiote  cost-effective  and  ^re  imitually  satisfactory  In  such 
cases  Chan  jury  trials*  Experlrients  could  be  designed  In  which  the 
benefits  and  cO£Cs  of  mediation  and  Juty  trials  could  be  assessed* 

The  costs  of  crime  In  U*S*  society  run  Into  the  tens  not  hundreds 
of  bliUon^  annually*  Reduction  of  these  codts  depends  on  Identlfy- 
ln(j  effective  systenj  of  dctertence*  a  probleia  which  could  be  ad- 
dressed }fith  the  cociblnatlon  of  longitudinal  data  telatln^  to  the 
Individual^  vho  comnlt  criminal  acts  and  parallel  data  relating  to 
the  organisational  processes  which  determine  convictions,  punlsh- 
aents,  etc* 


The  set  Of  research  activities  outlined  above*  which  c*innot  be  ac- 
comnfldated  within  the  1984  budget  request,  is  obviously  a  very  Idio- 
syncratic list  of  Itens*  if  someone  else  hod  been  testifying  before  the 
Committee,  the  Ust  would  be  different  although  there  vould  doubtless  be 
some  overlap* 

What  uouid  be  the  benefits  aad  costs  of  ImplecQcnting  this  addition 
to  the  budget  tequest?    rot  toast  of  the  activities  that  I  have  specified* 
the  benefits  wt?uld  be  difficult  If  not  Inposslbie  to  quantify*    For  a 
few  areas,  orte  can  provide  a  rough  Indication  of  Potential  orders  of  mag- 
nitude*    Bot]^  the  studies  of  saving  behavior  and  of  orgAnlzacional  ef- 
fectiveness have  their  ultiECtate  payoffs  In  terns  of  the  ptoductlvlty 
growth  rate  In  the  econony^    Even  small  Impacts  on  productivity 

growth  have  cnotrtoo^  societal  payoff— for  cscamplet  a  one~tenth  of  one 
percent  Improvement  In  t\ie  nnnoal  productivity  growth  rate  provl<]es  an 
annual  societal  ret^irn  of  rouf^hly  three  billion  dollars  at  current 
prices*    It  Is  not  difficult  to  laaglnc  that  a  full  understaadlng  of  the 
dynanlcs  of  saving  behavior*  or  the  way  In  which  organizational  fnctors 
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relate  to  organ liAtlonal  productivity,  could  easily  amount  to  a  one-tenth 
of  one  percent  annual  gain.    In  the  area  of  ctliainai  detetccncc.  «ven  a 
soall  teductlon  Lti  the  billions  of  dollat^  of  costa  that  ctlmlnal  ac~ 
tlvlty  Lnpo^es  on  U.S.  society  would  repay  vety  large  dlv^l^lends.  In 
both  these  caaea.  the  potential, benefits  tun  into  the  billions  while  the 
potential  costs  run  into  the  tens  of  mlLIlons  at  oost.  ^ 

On  the  cost  side.  I  have  aade  an  atteapt  to  price  out  rhe  specific 
research  activity  discussed  above^^savlng  beh^avlor.  organisational  ef- 
fectiveness, time  ti8C  and  nonioatket  activities,  changes  in  family  ties, 
the  theory  of  markers,  srarlsrUal  a>erht)dolt)(%y.  civil  sulr  medlarion. 
an^l  criminal  dererrenc^.        ^LL  cases.  I  am  raiking  abaur  a  program  of 
work  rhar  needs  rn  conrinue  for  a  30od  many  years.     (The  Contalcree 
should  be  avare  Of  the  facr  rhar  decisions  about  rhe  specific  conrenr  of 
research  sctlvlry  cannor  be  nade  by  0urilnln3  areas  of  research  in  which 
Imporrant  scientific  <'t  poilny  objncrives  can  be  realized.    Research  ac- 
rtvlties  are  dercrnlned  by  a  peer  revlev  process  inrernai  to  rhe  HSF,  as 
Is  enrlreiy  appropriate). 

The  annual  cosr  of  rhe  aer  of  aerlviries  ourllned  In  iny  resrimony 
cones  ro  roughly  512/5  million.  Since  rhcsc  programs  cover  somcrhlng 
like  40  psri-enr  of  rhe  roral  soeiai  and  hehavloral  science  programs  ar 
rhe  ttarional  Science  Foundation,  and  on  rhe  assumprlon  thar  rhe  pro3ran 
areas  I  have  fkor  discussed  tieve  rhe  same  porentlal  ^s  the  ones  nored  in 
my  starer^ent.  rhe  S12.^  million  annual  cosr  figure  rurns  inro  an  annual 
coar  of  S30  million. 
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Although  I  chink  one  cnn  innke  ^  pet3iia9lve  case  chat  ^  definable 
sec  of  high  prlorlcy  program  areas  would  Justify  a  budget  Incrciwnt  of 
S30  ollllon  In  FY  1984^  I  could  noc  recootaend  chac  to  the  Consmlttee- 
Prograns  of  research  cannoc  be  quickly  tutned  around  If  research  funds 
are  to  ^  spent  uisely  and  Cosc-Rf feCt Ively. 

Buc  I  uould  &r^e  chat   chere  are  loajor  uncapped  pocendals  In  the 
social  and  behavioral  science  progratas  ac  the  IfSF  chac  cannot  be  Attom~ 
ood^ced  vlchln  che  budget  requesti  thac  a  plausible  order  of  nuij^ltude 
for  the  cose  of  these  programs  is  soctethlng  ujce  $30iQllltoni  and  that  a 
sensible  ptocedure  uould  be  to  provide  resources  for  taiplemencaclon  of 
these  cypea  of  programs  over  inore  than  one  year.    For  exanplei  the  Com- 
alctee  could  reconmend  an  increase  o£  $10-15  mlllton  In  this  year's  tafud- 
gett  vlth  A  recomiwndat  Ion  that  the  prograias  be  InCreicented  b^  an  addl- 
clonal  $iWO  tdllUon  che  year  afcer.    Thac  would  bring  the  social  ^nd 
behavlor^sl  science  programs  to  the  point  where  available  resources  voul4 
penalc  realization  of  scientific  pocenclal  In  chese  areas  co  che  same 
degree  chsc  resources  penult  sCleadflc  potendal  co  be  tapped  In  ocher 
areas  J 

In  sumoaryt  t  would  urge  the  Codtolccee  co  provide  signtflCanc  ex- 
pansion of  resources  In  the  socl<tI  and  behavioral  science  area  In  che 
FY  1984  budgett  and  Co  recognize  that  this  represeics  only  a  partial  step 
covard  lAplcraenting  che  approprlace  scientific  priorities  within  the  NSF. 
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Mr  Dymally,  Chancellor,  this  is  not  a  committee -related  ques* 
tion,  but  has  to  do  with  medical  science.  You  probably  have  not 
been  at  Vanderbilt  long  enough  to  an?:<er  this  one  so  I  will  solicit 
your  response  in  writing. 

rias  the  hospital  problem  between  Meharry  and  Vanderbilt  been 
resolved? 

Mr.  Wyatt.  I  think  the  answer  to  that  is  yes.  David  Satcher  and 
I  are  both  new  to  the  community.  We  are  communleatlng  on  a  reg- 
ular basis  about  the  problem.  We  are  very  pleased  with  the  prog- 
ress that  is  being  made  there. 

Mr.  Dymally.  Thank  you  very  much. 

Dr.  Satcher,  I  would  footnote,  came  from  the  Charles  Group  Post- 
graduate School  which  is  located  in  my  district,  and  then  to  More- 
house and,  of  course,  to  Meharry.  We  stay  in  touch  with  eacli  other 
too. 

Thank  you*  Mr  Chairman. 

Mr.  Walcren.  I  have  to  go  to  another  commitment.  I  apologize.  I 
do  want  to  say  I  appreciate  the  commitment  you  all  have  made. 

I  am  going  to  ask  Mr.  Boucher  to  chair  the  rest  of  the  hearing.  I 
know  he  will  have  thoughts  to  share  with  yoa 

Mr.  BpucHER  [presiding].  I  have  one  question  for  Mr.  Wyatt.  I 
understand  you  have  been  supportive  of  the  Foundation's  involve- 
ment in  research  in  the  area  of  computer  networks. 

If  you  could  make  a  comment  or  two  concerning  the  sknificance 
of  that  research  and  the  implication  that  it  might  have  for  the  use 
of  super  computers  and  access  to  those  in  the  years  ahead^  I  would 
appreciate  it. 

Mr.  Wyatt.  Wel^  let  me  say  that  in  one  of  my  prior  incarna- 
tionSf  while  at  Harvard*  I  served  as  chairman  and  chief  executive 
officer  of  an  organization  called  EDUCOM,  wHich^  among  other 
things,  established,  during  the  time  I  was  chief  executive  officer,  a 
national  network  amon^  colleges  and  universities. 

That,  in  fact*  is  now  m  use,  rather  widespread  use,  and  it  allov^ 
scientists,  students,  anyone  at  the  university  access  to  remotely  lo- 
cated resources^  software  and  hardware,  that  exist  at  other  univer- 
sities. I  am  very  much  committed  to  the  fact  that  this  is  a  useful 
activity.  In  our  initial  stages,  we  developed  with  NSF  sponsorship  a 
computer-based  model  to  test  the  hypotheses  about  the  use  of  such 
a  network,  about  the  kind  of  traffic  that  would  be  on  it,  about  the 
kinds  of  use  that  would  be  made  of  it.  That  v^^as  a  very  successful 
activity.  It  called  together  a  collection  of  some  50  university  execu- 
tives and  scientists  to  participate  in  a  large  simulation  exercise, 
after  which  the  network  was  started.  The  EDUCOM  network  called 
EDUNET,  continues  now  with  several  hundred  ports  into  which 
people  can  access  the  resources  of  the  network.  We  developed  a 
philosophy  there  that  we  would  use  commercially  available  com- 
munications resources  and  not  ask  for  a  massive  program  of  special 
networking.  That  turns  out  to  have  worked  rather  well.  The  AR- 
PANET  technology  was  developed  under  the  leadership  of  Larry 
Roberts^  who  later  founded  TELENET,  now  a  multinational  edmpa* 
ny  by  virtue  of  being  acquired  by  ITT.  Their  service  has  worked 
rather  well.  We  are  also  able  to  use  TIMENET. 

The  hypothesis  has  been  demonstrated  that  such  networks  are 
very  .iseful.  They  are  particularly  useful  in  two  areas:  One  is  to 
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access  largo  coDcdions  of  datu  that  are  v*ry  difilcult  to  move.  In 
fact,  the  collection  of  data  at  the  University  of  Michigan  is  one 
such  collection.  The  other  is  to  access  lar^e  algorithms  that  are 
also  difficult  to  move.  Those  at  the  National  Center  for  Atmospher- 
ic Research  come  to  mind. 

It  is  almost  a  necessary  condition  in  my  mind  that  supercom- 
puters oriented  to  special  kinds  of  problems— and  I  expect  that 
they  might  be  so  oriented  by  virtue  of  their  design,  suggest  the  ca- 
pability to  access  those  supercomputers  through  a  network.  Ii  also, 
believe  it  essential  for  scientists  to  visit  these  facilities  on  occasion, 
but  it  shouldn't  be  necessary  to  visit  the  facility  physically  in  order 
to  use  it  at  all  So  I  think  networks  will  be  absolutely  essential. 

Mr  Boucher.  Thank  you.  I  do  have  one  additional  question. 

I  would  be  interested  in  your  comments  concerning  the  compara- 
tive use  of  information  science  and  technolog>  in  this  country  vis-a- 
vis some  of  our  principal  international  competitors,  in  particular 
Japan  and  West  Germany, 

'  Are  we  lagging  behind?  If  so,  in  what  ways  would  you  suggest  we 
undertake  the  efibrt  to  catch  up? 

Mr.  Wyatt.  I  think  that  is  a  serious  problem.  We,  of  course,  in 
this  country,  invented  most  of  the  technology,  particularly  the  in- 
formation technology,  that  in  some  sense  is  being  implemented 
much  more  ably  by  Japan.  The  manufacture  of  automobiles  is  a 
very  good  example.  We  invented  the  basic  technology  that  now  is 
being  used  for  automating  the  manufacture  of  automobiles.  We 
prototyped  it  in  this  country  in  the  late  1950s  and  yet  our  auto- 
mobile manufacturers  did  not  implement  it.  There  is  a  preblem  of 
implementation,  and  we  simply  have  to  get  about  that  in  this  coun- 
try. I  see  some  promising  signs,  but  I  see  that  we  are  a  ways,  a 
good  deal  far  distant,  I  thinlt,  from  achieving  some  of  the  gains 
that  are  being  seen  by  the  Japanese  and  Western  Europeans  in  im-* 
plementation  of  technology.  All  of  this  technology  is  based  on  and 
derived  from  basic  research  activities.  Much  of  that  research  was 
Tmanced  by  the  National  Science  Foundation.  Now  we  are  entering 
an  era  where  the  productive  use  of  this  technology  gets  quickly 
into  behavioral  issues.  So  I  am  concerned  that  we  keep  up,  perhaps 
even  accelerate  research  in  the  behavioral  areas, that  relate  to 
technology.  We  are  talking  about  very  modest  numbers,  as  has 
been  pointed  out  by  Dr.  Juster 

While  we  are  attacking  the  problem  of  implementation  of  tech- 
nology, much  of  which  can  be  clone  by  the  private  sector,  we  really 
do  have  to  worry  about  the  basic  research  that  will  not  only  relate 
to  technology,  but,  also,  its  use  in  the  basic  science  areas. 

Mr  BoucKKH.  At  this  time  I  will  call  on  the  minority  Counsel, 
Ms.  Bach,  for  questions. 

Ms.  Bach.  No,  thank  you,  Mr.  Chairman.  I  have  no  questions  at 
this  time. 

Mr.  Boucher.  Mr.  Maxwell? 

Mr.  Maxwsll.  Thank'you,  Mr.  Chairman^ 

Mr.  Brown  asked  that  a  couple  of  questions  be  addressed  specifi- 
cally to  Mr  Wyatt.  Last  year  members  of  the  Science  Committee 
received  a  letter  s'med  by  30  distinguished  scientists  including 
Nobel  Laureates  from  Physics,  Biochemistry,  and  Economics, 


urging  itjcroasod  ^Ufjjmrt  from  the  NSF  for  inrormation  science 
That  certainly  follow  tlie  thrust  of  the  testimony  you  presented 

In  your  opinion^  are  there  special  features  of  information  science 
which  make  it  worth  nurturing  and  can  it  properly  be  nurtured  at 
current  leve)b  as  suggested  in  the  present  budget  presentation  both 
in  terms  of  support  rejfarding  funding  as  well  as  the  type  of  man- 
agement support  that  we  currently  find  at  NSF? 

Mr.  Wyatt.  I  think  information  technoloffy  now  cuts  across  prac- 
tically all  human  endeavur.  It  certainly  js  cutting  across  all  re- 
search programs  in  the  Foundation.  Dr  Juster  just  mentioned  that 
one-third  of  the  use  of  the  computer  facilities  at  the  University  of 
Michigan  is  devoted  to  the  behavioral  sciences.  That  is  just  an  ex- 
ample of  the  involvement  of  information  technoTogy  as  a  tool  for 
research  in  all  fields.  It  is  a  matter  of^concern  all  across  the  Foun- 
dation. I  believe  it  should  be  given  continual  attention.  It  was  given 
attention  in  the  Leesburg  convocation  of  all  of  the  research  activi- 
ties that  relate  to  information  technology,  communications^  com- 
puter science,  and  engineering.  Perhaps  another  examination  could 
and  should  be  made  of  those  areas  otresearch  that  require  special 
instru mentation  In  order  to  achieve  certain  results  th£t  depend  on 
information  technology. 

For  example^  I  just  visited  the  molecular  biology  laboratory  at 
Vanderbttt.  It  was  brought  home  to  me  again  how  much  instru- 
mentation is  factor  in  being  able  to  move  these  frontiers  forward. 
It  simply  is  absolutely  nece^^sary.  If  the  technology  is  not  available, 
certain  kinds  of  worl.  can't  be  done.  That  is  becoming  more  and 
more  true  in  more  and  more  fields.  Certainly  the  fields  include  eco- 
nomics^ biological^  and  behavioral  sciences. 

Mr.  Maxwell.  The  funding  support  levels  as  currently  proposed 
would  bring  us  basically  on  par  with  what  had  been  a  fiscal  year 
level  for  the  information  sciences  in  BBS  In  comparison  with 
computer  engineerings  where  we  are  seeing  a  25-percent  increase 
compared  to  last  year,  within  the  computer  research  activities^  we 
see  Q  19-percent  increase.  That  seems  to  leave  us  somewhat  behind 
in  the  information  sciences.  \ 

Do  yjou  have  any  suggestions  as  to  the  level  of  additional  support 
that  may  be  considered  by  this  committee  to  allow  some  of  these 
activities  to  move  forward  as  you  suggested? 

Mr.  Wyatt.  As  others  have  pointed  out,  it  is  very  difficult  to 
specify  too  particularly  in  this  area,  but  I  see.no  argument  that 
would  cause  me  to  believe  this  area  shouldn't  be  pushed  absolutely 
as  hard  as  any  area  that  is  being  pushed.  It  has  to  be  a  national 
priority.  It  is  one  that  is  at  the  core  of  so  much  of  our  research  and 
our  education  and  will  be  in  the  future  that  we  simply  have  to 
push  it  hard  as  we  possibly  can.  I  think  that  any  allocation  of 
funds  tha^  is  aggressively  represented  would  have  to  include  infor- 
mation science  and  technology. 

Mr.  MaxwKll.  One  final  question. 

Again  considering  this  type  of  support,  in  looking  outside  of  the 
National  Science  Foundation,  are  you  aware  or  can  you  tell  us 
what  the  level  of  private  sector  support  for  information  science  and 
technology  is  and  how  that  compares  with  what  the  National  Sci- 
ence Foundation  proposes^  as  well  as  with  other  programs  outside 
of  NSF  within  the  Federal  Government  that  address  this? 
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Mr.  WVATr  Of  course,  the  private  sector  is  making  heavy  invest^ 
ment  in  this  aroa.  I  just  did  a  piece  on  future  employment  in  the 
United  States  relative  to  the  effects  of  technology  and  discovered 
that  in  the  automated  factories  that  will  be  competitive  in  this 
country-^-we  are  talking  about  productivity  improvements  of  a 
factor  of  30  and  profitability  improvement  factors  of  10  or  more.  In 
order  to  be  competitive  on  a  worldwide  basis,  our  private  sector 
simply  has  to  be  able  to  accommodate  and  have  incentives  for  this 
kind  of  implementation  of  technology* 

The  point  was  brought  home  again  only  two  days  age  by  an  edi- 
torial in  the  New  York  Times  that  said  "along  with  the  technology 
comes  significant  behavioral  issues."  The  editorial  to  which  I  am 
referring  said  that  95  percent  of  middle  management  feels  insecure 
about  the  implementation  of  technology  in  the  work  force.  Certain- 
ly after  having  taught  in  various  executive  programs  at  Harvard 
where  i  saw  a  collection  of  middle  level  executives  from  all  parts  of 
the  economy  I  would  certainly  support  that.  We  have  an  issue  here 
that  simply  must  be  addressed.  One  of  the  reasons  that  we  felt  it 
was  important  for  1ST  to  be  very  close  to  the  biological  and  behav 
ioral  sciences,  particularly  the  behavioral  sciences,  was  this  prob- 
lem of  the  absorption  of  the  effects  of  technology  into  the  culture. 
The  problem  is  going  to  become  muc^  greater  in  the  near  term 
future. 

In  some  sense,  young  people  d^I  with  technological  change 
better  than  older  people.  However,  the  problem  does  relate  to  all 
students  in  school. 

We  need  to  address  that  issue.  But  we  are  also  talking  about  the 
population  in  general;  every  part  of  the  population  will  be  affected. 

Mr.  Maxwell.  Thank  you  very  much,  Mr.  Wyatt. 

Tliere  may  perhaps  be  some  questions  for  the  record  in  addition 
to  these. 

Thank  you,  Mr.  Chairman. 

Mr.  Boucher.  Thank  you,  Mr.  Maxwell. 

Gentlemen,  I  would  like  to  thank  all  of  you  for  being  with  us 
today.  Your  testimony  has  been  very  helpful  to  the  subcommittee 
in  our  consideration  of  the  National  Science  Foundation  budget. 
*  Thank  you  for  your  assistance. 

Our  final  witness  for  today  is  Dr.  James  Rosser,  president  of  the 
California  State  University  a£  Los  Angeles. 

Dr,  Rosser  will  be  providing  testimony  on  the  National  Science 
Foundation's  proposed  management  plan  and  its  implications  for 
minority  programs- 

Dr.  Rosser,  we  are  glad  to  have  you  with  us  this  morning.  We 
will  be  pleased  to  receive  your  statement. 

STATEMENT  OF  DR  JAMES  ROSSER,  PRESIDENT,  CALIFORNIA 
STATE  UNIVERSITY  AT  LOS  ANGELES 

Dr  Rosser.  Thank  you.  It  is  a  pleasure  for  me  to  be  here  today 
to  offer  testimony  in  this  regard.  I  am  president  of  California  State 
University  at  Los  Angeles*  a  position  I  have  held  for  the  last  3'^ 
years. 

Prior  to  assuming  my  present  position,  I  worked  for  a  period  of 
time  as  the  deputy  chancellor  of  higher  education  in  the  State  of 
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New  Jersey  and  sotiior  associate  vice  chancellor  for  academic  af- 
fairs at'the  University  of  Kansas. 

I  am  a  health  scientist  by  background  and, training  and  worked 
for  a  period  of  time  as  a  cancer  researcher  in  the  private  sector. 

I  am  pleased  to  have  the  opportunity  to  appear  before  this  sub- 
committee today  to  testify  on  the  proposed  management  plan  of 
the  National  Science  Foundation. 

Before  presenting  our  views  on  the  proposed  management  plan, 
let  me  say  a  few  words  about  our  institution. 

California  State  University,  Los  Angeles,  is  a  unique,  urban,  met- 
ropolitan university  with  one  of  the  most  ethnically^! veise  student 
bodies  in  the  country.  Asian,  blacky  and  Hispanic  students  are  all 
significantly  represented  on  our  campus  and  constitute  over  65  per- 
cent of  our  22,000  students.  Most  of  our  students^  whose  median 
age  is  27f  come  from  lowihcome  families  and  more  than  half  of 
them  work  full  or  part-time. 

We  have  placed  particular  emphasis  on  academic  programs  de- 
signed to  increase  the  numbers  of  minorities  in  the  sciences  and 
other  math-based  fields>  Not  only  are  these  the  fields  in  which  mi- 
norities are  severely  undierrepresented,  but  they  are  also  the  fields 
which  represent  the  greatest  opportunity  for  employment  in  the 
future  and  ore  vital  to  this  Nation's  future  well-being  at  home  as 
well  as  in  the  world  community. 

Despite  public  fUnding  limitations  and  the  heavy  teaching  loads 
of  our  faculty,  we  believe  that  we  have  been  highly  successful  in 
preparing  our  students  for  these  future  opportunities. 

Although  we  have  had  some  experience  ,with  NSF  research  pro- 
grams, the  success  we  have  achieved  with  our  minority  students 
can  be  largely  attributed  to  such  programs  as  the^  minority  biomed- 
ical research  support  [MBRS]  and  the  minority  access  to  research 
careeis  PVIARC]  programs  funded  by  the  National, Institutes  of 
Health,  We  definitelj^  need  increased  support  from  the  NSF  and 
other  Federal  agencies  if  we  are  to  extend  our  efforts  to  serve 
larger  numbers  of  minority  students  and,  therefore,  the  Nation. 

This  brings  me  to  the  proposed  NSF  management  plan.  From  our 
discussions  with  NSF^ersonnel  and  Members  of  Con^ress»  we  un- 
derstand that  the  plan  would  distribute  the  responsibilities  for  mi- 
nority programs  among  all  of  the  directorates. 

Currently^  as  you  know,  these  programs  are  located  in  an  admin- 
istrative unit  not  attached  to  any  one  of  the  directorates>  The  es- 
tablhhment  of  this  unit  was  apparently  intended  to  give  these  pro- 
grams greater  cohesiveness  and  visibility."  While  the  unit  has  done 
a  commendable  job  and  provided  support  for  a  discrete  number  of 
minority  institutions^  from  our  perspective,  there  are  a  number  of 
problems  with  the  current  management  structure. 

First,  the  programs  have  suffered  from  inadequate  funding.  The 
demand  from  historically-black  institutions  alone  has  far  exceeded* 
the  availability  of  funding.  Second,  the  functional  definitions  used 
by  the  NSF  to  qualify  an  institution  as  a  "minority  insiitution"  are' 
ambiguous  at  best  and,  in  our  opinion,  have  failed  to  meet  the 
intent  of  the  Congress. 

In  our  case,'  we  have  applied  to  the  NSF  for  minority  programs 
in  the  past  only  to  be  told  repeatedly  that  we  were  not  eligible. 
Given  the  fact  that  we  have  the  largest  enrollmeiit  of  minority  stu- 
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dents  in  nbsoluti*  numbers  of  any  four-year  institution  in  the  conti- 
nental United  States,  we  were  more  than  a  little  perturbed  by  the 
incongruity  of  this  ruling. 

Thirds  the  rest  of  the  NSF  units^  which  administer  the  major 
share  of  the  Foundation's  funds*  seem  to  pay  little  attention  to  the 
needs  of  minorities  and  often  relegate  such  efforts  t<?the  small  unit 
that  administers  minority  programs. 

Lastly,  the  general  thrust  of  the  NSF  has  traditionally  been 
toward  increased  support  for  research-oriented,  m^ority  institu- 
tions. While  this  mission-oriented  thrust  may  be  understandable,  1 
wish  to  point  out  that  it  seriously  limits  the  efforts  of  universities 
such  as  ours,  which  enroll  the  bulk  of  minority  students^  to  provide 
such  students  mth  opportunities  to  participate  in  high-quality  re- 
search programs  and  to  prepar^hem  for  research  careers. 

On  the  face  of  it,  the  proposed  plan  could  be  a  vehicle  to  over- 
come the  difficulties  I've  described.  By  having  the  entire  Founda- 
tion through  each  cf  its  directorates  take  direct  responsibility  for 
minority  programs,  the  resulting  impact  could, conceivably  be  far 
■  greater  than"  that  of  the  present  structure. 

But  befoce  elaborating  -on  the  advantages  of  the  plan,  let  me 
^mention  some  potential  problems  that  may  arise  if  the  design  and 
implementation  of  the  plan  is  not  done  with  sensitivity  and  care, 
and  if  the  emphasis  is  not  on  realistic  expected  outcomes  for  the 
Foundation  as  a  whole. 

I  believe  the  mgjor  problem  that  may  arise  is  that  the  proposed 
plan  will  lead  to  a  dilution  of  effort.  The  directorates  may  give  mi- 
nority programs  suchMow  priority  that  they  will  have  little  visibil- 
ity and  lose  whatever  identity  they  may  have.  As  a  result,  many 
institutions  of  higher  education  may  not  be  aware  of  their  exist- 
ence or  may  have  considerable  difficulty  gaining  access  to  the  ap* 
propriate  offices  and  individuals. 

Furthermore,  without  a  specific  allocation  for  minority  pi-ograms 
in  each  of  the  directorates,  funding  for  these  programs  may  suffer 
or  disappear  altogether.  At  least  under  the  present  structure,  there 
is  a  single  unit  that  is  centrally  concerned  and  serves  as  an  advo- 
cate  for  minority  programs. 

Another  serious  problem  majr  be  the  lack  of  uniformity  in  how 
the  various  directorates  prioritize  and  implement  programs  target^ 
ed  for  minorities  It  is  possible  that  some  directorates  will  be  more 
conscientious  than  others  in  promoting  such  programs  There  may 
al^o  be  a  lack  of  consistency  among  the  various  directorates  regard- 
ing policies  and  guidelines  applied  to  these  programs.  In  fact,  we 
encountered  such  a  problenri  )n  one  of  the  existing  NSF  progranns, 
the  research  improvement  in  minority  institutions  or  [RIMI]  pro* 
gram. 

Although  we  submitted  an  application  to  this  program  confident 
that  we  met  the  eligibility  requirements,  we  were  informed  that 
our  institution  did  not  qualify  for  the  program  even  though  we 
qualified  for  another  program,  the  minority  institutions  science  im- 
provement program  or  [MISIP],  which  has  eligibility  criteria  identi- 
cal to  those  of  the  RIMI  program. 

Inasmuch  as  the  eligibility  requirements  for  the  MISIP  were 
originally  developed  by  the  NBF,  where  it  was  located  before  it  was 
transferred  to  the  Department  of  Education,  it  is  difiicult  to  com- 
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prehond  any  logic  behind  the  NSF's  ruling  on  our  RIMI  applica- 
tion. 

One  other  potential  problem  I  wish  to  mention  is  the  increased 
bureaucracy  that  may  result  from  the  new  management  structure. 
Under  this  structure,  institutions  will  have  to  direct  their  inquiries 
and  proposals  to  several  offices  as  opposed  to  one,  perhaps  wasting 
both  time  and  resources.  Moreover^  if  minority  prc^ram  functions 
are  distributed  throughout  the  Foundation  and  accountability  is 
not  clearly  and  specifically  assigned  to  the  various  management 
levels,  it  may  be  difficult  to  identify  the  offices  or  individuals. who 
have  the  responsibility  for  making  decisions  and  setting  policy.  In 
other  words,  everyone  may  "pass  the  buck"  and  the  "buck  may 
never  stop." 

I  believe  the  problems  I've  mentioned  can  ^ery  likely  be  over- 
come. In  factr  with  careful  planmqg,  collaboration  and  foresight,  I 
think  the  evolving  managment  pla;i  could  have  several  advantages 
over  the  existing  structure.  ^ 

Ilowever^  If  these  advantages  are  to  be  realized,  I  believe  it  will 
necessary  for  the  NSF  to  reassess  its  current  efforts  to  increase 
tne  -participation  of  minorities  in  the  sciences  and  other  math^ 
based  fields.  Minoritie^j  continue  to  represent  a  large  and  largely 
untapped  pool  of  human  resources  that  could  be  harnessed  to  meet 
the  increasing  manpower  needs  of  our  scientific  and  technological 
enterprises,  including  all  levels  of  education. 

I  would  suggest,  therefore,  that  it  is  a  most  propitious  time  for 
the  NSF  to  increase  significantly  it^  overall  commitment  to  minor- 
ity programs.  Assuming  that  such  an  increased  commitment  is 
forthcoming,  let  me  briefly  discuss  how  I  think  the  new  manage- 
ment plan  might  work  to  the  advantage  of  these  programsr 

First,  by  spreading  the  responsibility  for  minority  programs 
across  all  of  the  directorates,  the  available  funding  for  these  pro- 
grams could  conceivably  increase  substantially.  Currently,  these 
progf^s  are  primarily  oriented  toward  training,  not  research^  and 
tend  to  be  isolated  from  the  research  progtams  in  the  directorates. 
Yet,  the  vast  majority  of  the  NSF  budget  is  committed  to  these 
mainline  research  programs. 

Therefore,  if  the  new  man^^gement  plaiOets  specific  performance 
objectives  and  holds  the  directorates  accountable  for  meeting  these 
objectivesr  it  could  lead  to  a  considerable  expansion  of  efforts  and 
to  a  corresponding  commitment  of  additional  resources.  Let  me 
again  underscore  that  it  is  imperative  that  priority  for  continued 
funding  be  based  on  achievement  of  previously  articulated  objec- 
tives. 

Second,  by  involving  the  entire  Foundation  in  these  efforts  and 
increasing  its  commitment  to  minority  programs,  opportunities  to 
participate  in  these  programs  may  be  broadened  to  a  larger 
number  and  variety  of  institutions  having  significant  numbers  of 
minority  student^.  Currently,  only  a  small  fraction  of  such  institu- 
tions participate  in  these  programs.  _ 

For  example,  no  college  or  diversity  west  of  the  Mississippi, 
with  the  exception  of  Pan  American  University  in  Texas^and 
three  or  four  others^can  qualify  for  the  RIMI  program  under  the 
NSF*s  current  interpretation  of  the  eligibility  criteria. 
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By  establishin(f  more  )o^cally  consistent  eligibility  criteria 
which  have  a  clear  correl^t;  n  to  the  desired  outcomes*  the  new 
management  plan  should  enable  institutions  like  ours,  which  enroll 
far  mor|^  minority  students  than  most  of  the  currently  eligible  in- 
stitutions>  to  participate  in  these  programs  and  contribute  in  a 
mmor  way  to  meeting  their  objectives.  ^ 

Finally,  the' integration  of  minority  programs  into  all  of  the  di- 
rectorates could  be  a  m^or  step  toward  providing  minorities  with 
access  to  the  mainline  research  programs  of  the  NSF.  Such  access 
would  facilitate  direct  contact  and  familiarisation  with  the  rele- 
vant program  managers  and  help  broaden  the  expertise  of  minor- 
ities in  all  of  the  scientific  and  technological  areas. 

Conversely— and  just  as  importantly-^-each  of  the  directorates 
would  have  to  become  much  more  knowledgeable  about  the  prob- 
lems associated  wUh  minority  underrepresentation  and  more  com- 
mitted to  addressing  them.  Such  a  process  could  increase  signifi- 
cantly minority  participation  m  the  mainstream  scientific  and 
technological  communities  of  our  society. . 

Based  on  the  analysis  I  have  presented  on  the  potential  problems 
and  advantages  of  the  propos^  NSF  management  plan,  I  would 
like  to  present  for  your  consideration  the  following  recommenda- 
tions: 

First,  that  at  least  for  a  reasonable  period  of  time,  an  office  be 
established  directly  under  the  NSF  Director  with  the  responsibility 
for  overseeing  the  development  of  minority  programs  in  each  of  the 
directorates  and  for  monitoring  the  progress  of  these  programs,. 
This  office  might  also  function  as  a  clearinghouse  to  provide  infor- 
mation t'^  assist  institutions  and  individuals  in  gaining  access  to 
programs  in  the  various  directorates.  If  the  efforts  of  this  ofHce  are 
successful,  the  need  fof  it  should  eventually  disappear.  ' 

Second,  that  the  NSF;  concomitant  with  its  impfementation  of 
the  new  management  plan,  take  steps  to  insure  that  the  director- 
ates give  sufficiently  high  priority  to  minority  programs  so  that  the 
total  resources  committed  to  these  programs  increase  substantially. 

Third,  that  consistent  eligibility  criteria  be  established  that  will 
notf  exclude  institutions  that  should  lo^cally  qualify  but,  rather, 
will  broaden  the  participation  of  institutions  having  significant 
numbers  of  minority  students. 

Fourth^  that  well-defined  and  specific  performance  objectives  be 
formulated  to  help  guide  the  efforts  of  each  directorate  in  develop* 
ing  minority  programs  and  that  corresponding  evaluation  critena 
be  formulated  against  which  the  performance  of  each  directorate 
w'll  be  measured  for  continued  fundipg.  In  other  words^  each  direc- 
torate should  be  evaluated  on  the  basis  of  results. 

Fifth,  that  each  directorate  be  required  to  develop  a  plan  decrtb- 
i/ig  how  it  will  develop  its  minority  programs  and  meet  the  speci- 
fied [Performance  objectives,  and  tnat  the  National  .Science  Board 
then  consolidate  these  plans  into  an  overall  plan  0t  the  Founda- 
tion. , .  I 

Sixth,  and  finally^  that  the  National  Science  ^Boacd^^review  annu- 
ally the  performances  of  the  directorates  and  of  tb|  foundation  as 
a  whole  m  meeting  its  established  minority  prografn  objectives. 

In  closing,  let  me  say  that  I  know  there  are  many  senous  chal* 
lenges  facing  this  Nation  in  the  next  several  decades.  How  we 
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move  Troin  the  f>o£^t  industrial  to  the  knowledge^based  or  high-tech- 
nology era  is  d  mi\jor  concern.  The  efforts  of  the  NSF,to  generate 
both  the  necessary  personnel,  research  and  knpwledge  to  meet  the 
needs  of  society  during  this  transformation  are  crucial. 

I  see  it  as  a  three-pronged  responsiblity.  I  believe  questions  were 
'  raised  \ms  morning  about  the  (ib.^sonnel  as  well  as  the  research 
and  knowledge  responsibilities  tha>.  exist  at  this  level. 

I  am  firmly  convinced  that  the  large  and  largely  untapped  pool 
.  of  minorities  in  this  Nation,  whose  numbers  ai^  projected  to  con- 
tinue  to  in  creased  ramatically  over  the  next  few  oecades,  "*-ovid<^ 
an  indispensable  human  resource  th?t  must  be  utilize  ^  meet 
these  needs. 

It  has  been  with  that  thought  in  mind  that  I  have  presented  our 
analysis  of  the  proposed  management  pta^n  and  our  recommenda- 
tions on  how  we  we  think  it  may  be  effectivery  implemented.  I 
hope  you  will  find  both  the  analysis  and  recommendations \iseful 
in  your  deliberations  ai.  1  that  you  will  arrive  at  a  management 
plan  which  will  insure  the  success  of  NSF  efforts  to  develop  the  mi- 
nority liumtm  capital  of  this  Nation.  Thank  you  very  much. 

Mr.  BoucHKK.  ITiank  you,  Dr.  Rosser,  for  that  very  thoughtful 
testimony.  ^ 

Mr.  Dymally. 

Mr.  Dymally.  Thank  you,  Mr.  Chairman. 

It  might  be  helpful  to  explain  Dr.  Rosser's  presence  here.  My 
office  was  in  a  state  of  shock  when  I  fOund  out  that  California 
State,  Los  Angeles,  66  percent  of  minority,  was  not, eligible  for  NSF 
funding.  I  suspect  they  use  the  historically  black  colleges  as  a  pool 
to  provide  fundiiig,  ignoring  in  my  district  IPO  percent  black  and 
minority  students  coming  to  a  college  that  wi^d  ^norbe  eligible. 

Easterners  have  this  bias  i^ainst  the  west  cbast,  especially  in 
funding— and  I  And  it  among  all  segments  of  the  -Washington  com- 
munity. The  reason  is  that  they  look  at  minority  collies  in  the 
'context  of  a  list  of  historically  black  colleges. 

Dr.  Rosser,  a  question  I  wanted  to  asK  you  is  about  what'you 
think  the  NSF  ought  to  be  doing  to  look  at  the  emergence  of  these 
new  urban  minonty  schools  in  setting  up. new  criteria.  Should,  for 
instance— 1  think  a  similar  situation  may  arise  in  Chicago,  too, 
that  parallels  your  school. 

^Dr.  RossBU.  I  don't  believe  there  is  a  school  similar  to  Cal  State 
Lps  Angeles,  in  Chicago.  The  problem,  I  guess,  uivolyes  our  Asian 
student  body^  as  perhaps  3^ou  know,  ^ut  it  would  seem  to  me  that 
your  point  is  well  taken,  given  national  demographic  statistics  pet- 
taining  to  urban  areas. 

Hispanic  students  who  reside  in  California  and  other  parts  of  the' 
Southwest  have  had  virtually  no  opportunity  to  participate  in  the 
RIMI  program. 

Mr.  Dymally.  Los  Angles  has  the  third  lamest  Hispanic-speak- 
ing population  in  the  world.  The  State  of  California  in  the  next 
decade  will  become  the  first  Third  World  state  other  than  Flawail 
So  the  demographics>  it  seems  to  me,  would  really  dictate  some  re- 
examination  of  NSF  policy.  » 
Dr.  RossER.  I  believe.  Mr.  Dymally,  the  Foundation  does  not 
-  place  Asian- Americans  on  its  list  of  those  underrepresent^  ift  the 
sciences. 
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Mr  Dymallv.  IJut  the  NiUional  Research  Council  has  stated  that 
there  is  underre presentation  uf  American  Asians  in  math  and  sci* 
ence.  What  has  happened  is  that  the  newcomers,  those  who  come 
with  prepared  skills,  are  included  in  that  statistic,  and  thus  they 
come  to  the  whole  situation  as  it  exists  in  Los  Angeles,  for  in- 
stance. 

Dr  RossER.  One  would  hope  perhaps*  then,  that  maybe  some  ad- 
justment might  be  made  relative  tu  this  in  terms  of  American-born 
Asians  versus  Asians  who  migrate  to  the  United  States.  It  is  very 
true  on  the  national  level  that  significant  numbers  of  Asians  who 
are  part  of  our  high- technology  work  force  are  individuals  who 
come  to  this  country  already  with  credentials  in  these  areas. 

Mr  Dymally.  There  must  be  a  number  of  historically  black  col- 
leges" with  less  minority  students  than  you  and  probably  more 
white  students.  At  the  one  I  went  to,  Lincoln  University,  there  are 
more  white  students  than  there  are  black  students.  That  is  in  the 
State  of  Missouri. 

Dr.  RossER.  We  have  moi-e  black  students  than  probably  about  70 
percent  of  the  historically  black  colleges., We  have  almost  3,500 
black  students.  ^  -  ^ 

Mr,  Dymally.  Mr.  Chairman.  I  want  to  thank  the  panelists,  and 
thank  Dr.  Rosser  for  coming.  I  would  like  ve\y  much  to  have  Dr, 
Rosser's  testimony  submitted  to  the  Director  of  NSF  and  to  have 
included  in  the  report  language,Lwhen  we  submit  it  to  the  full  com- 
mittee.  this  whole  dilemma  which  is  faced  by  California  State  at 
Los  Angeles, 

Thank  you  very  much,  < 
Mr,  Boucher.  Very  well.  Thank  you,  Mr,  Dymally, 
Dr  Rossen  I  have  only  one  question  of  youj-fletjced  during  your 
testimony  you  stated  that  Asian-Amerie^ms  are\  presently  not 
placed  on  the  National  Science  Foundations  list  of  those  underre- 
pt  esented  in  the  sciences  today. 

It  occurs  to  me  that  perhaps  at  New  Mexico  University*  at  uiii- 
'  ersities  in  A*'t3ona  there  must  be  a  significant  papulation  of  stu- 
dents  from  Mexican-American  backgrounds  or  perhaps  who  are 
Native  Americans.  Do  you  know  |^hose  individuals  are  presently 
characterized  as  unde^^rep resented  in  the  sciences  also? 

Dr.  Rosser.  Mexican-Americans  are  presently  characterized  as 
being  underrt^pr esented.  Interestingly  enough*  Mr.  Boucher,  in 
terms  of  the  HIMl  program  iti  particular,  I  believe  there  are  only 
about  two  institutions  that  enrolled  a  significant  number  of  Mexi- 
can-American students  that  would  be  eligible. 

Another  interesting  aspect  o*"  this  is  that  many  of  the  RIMI  insti- 
tutions do  not  have  engineering  progranns.  As  a  matter  of  fact,  of 
the*  four  programs  which  were  funded  bj.  the  NSF  I  believe  only 
two  of  the  four  had  engineering  progranns.  So*  within  the  context  of 
the  objectives  of  the  RIMI  program,  the  ability  to  provide  compre- 
her  jive  access  was  apparently  not  a  consideration. 

Mr  BoucHKK.  I  think  you  have  certainly  highlighted  an  impor- 
tant cuncern  here.  On  behalf  of  the  subcommittee,  I  would  like  to 
thank  you  for  making  the  long  trip  to  Washington  to  nnake  this  tes- 
timony available  to  us, 
Dn  Rosser,  It  is  my  pleasure.  Thank  you, 
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Mr  BoucuKU.  Tinit  does  conclude  our  hearings  on  authorization  ^ 
of  the  National  Science  Foundation's  budget  The  committee  will 
be  meeting  on  M^rch  17,  next  Thursday,  for  its  markup  session. 
That  concludes  our  hearing.  At  this  point  I  would  like  to  it)sert 
some  items  that  Have  a  bearing  on  the  subject  of  today's  hearing. 
The  committee  AviII  rise. 

\  [Whereupon/at  |12:30  pm.,  the  subcommittee  was  acUourned,  sub- 
ject to  the  call  of  the  Chairl 
[The  informatioji  follows:] 

[A  statement  for  the  record  on  STIA  Budget  and  Responsibilities, 
by  Robert  P-  Morgan  (Brookings  Fellow)]: 

\ 
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OH  TH£  KSF-STIA  BUDGET  AHb  RESPONSIBILITIES 


Robert  Horjton* 


by 


I  uL«h  to  raise  soae  quescXons  and  concerns  about  the  ?V  '84 


National  Sclenc«  Foundation  budget,  pattlculacLy  that  portion  of  tha 
budgat  Allocated  to  the  Dlcecitocate  for  Scientific,  Technologltal  and 
Intacnatlonal  Affairs  —  The  STIA  Directorate*    In  a  year  in  uhlch  the 
total  HSF  budget  cequesc  of  FY  '84  i&  \7 tS%  above  the  FV  1983  Current 
Plan,  STIA's  budget  has  been  reduced  from  $44*2  lallllon  to  $36*3 
allllon,  a  reduction  of  16*7X*   Whereas      ^  l9S^t  STIA  accouuced  for 
4»2t  of  the  total  US¥  Research  and  ReUted  Activities  ApFroprXacXon,  in 
FY  1934  that  figure  falls  to  2.9t. 

The  rationale  for  this  reduction  in  ^he  STIA  budget  la  set  forth 
boch  In  NSF  budget  documents  and  In  a  nteiaoranduoi  froa  the  tiSF  Director, 
Eduard  A»  Knapp,  to  the  ttSF  Executive  Council  dated  January  12, 
1983«  l/  In  ieao»  prograas  Included  In  the  STIA  sphere  are 

character l3ied  as  being  special  progtaos  uhlch  are  seated  to  have  i^t 
been  vleued,  IntpllcXtly  at  least,  "as  being  as  central  to  ItSF's  mlaslon 
as  Che  research  directorates^^    Concluding  that  the  responsibilities  of 


*  Science  and  Public  Policy  Fellov»  The  8rooklng3  Institution, 
Washington,  D»C»  2O03S»  <0n  lenve  as  Professor  and  Chalman, 
Departaent  of  Technology  and  Huoan  Affairs^  Washington  University, 
St,  Louls»  Ho*  63130») 
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Che  research  dLreccOrates  hav«  be«n  coo  narrowly  defined*  and  chat  the 
BpecUL  programs  have  not  had  eufflcLent  resouces  to  have  an 
Appreciable  Impact i  Dr»    Knapp  articulates  a  new  management  phlloeophy 
In  ^hlch  the  research  directorates  "must  have  aole  responsibility  for 
receiving*  evaluative*  and  declBlonm^klng  on  all  proposals  (with  the 
obvious  exception  of  education)"*    STIA  i/lll  continue  to  exist  but  it 
^111  primarily  serve  an  agency-wide  coordinating  role»  Furthermore, 
STlA's  FV  64  budget  re<luesti  according  to  the  KSF  Budget  Sumitary  to  the 
Congress*  Is  ^'an  apparent  decrease  of  $7*4  million")  however  "an 
estimated  $22»l  nilllon  within  the'Foundation'e  discipline  oriented 
research  activities  will  bring  the  effective  total  of  the  variotit^  HSF 

jjrograas  shown  in  this  activity  to  53*9  million"*  «n  (actual?) 

incrtjase  of  S1A*7  i^ilLion  or  j3*2Z*  It  \ 
There  arc  three  issues  that  1  */lsh-to  address  »b      arise  froo 
these  develop«nts«   The  first  concerns        efficacy  of  the  proposed 
oanagement  plan  —  that  is*  will  it  work  ae  Intended?    the  second 
focuses  on  the  Foundation'^  ability  to  carry  out  Its  international 
program  responsibilities*    The  third  deals  ^ith  the  apparent  decline  o' 
interest  within  the  Foundation  in  interdisciplinary^  problem-oriented 
research* 

t*  On  The  ^ew  Hanageaent  Scheiae 
One  premise  upon  which  the  scheme  i^  based  is  that  a  more  optimal 
-      progratD  will  result  If  the  research  directorates  aaaume  responsibility 
for  deci^lona  on  propoials  which  heretofore  were  In  the  special  program 
categoryi  while  5TIA  assumes  «  coordinating  role*    Because  of  this 
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^xpAiidttd  reaponslblllcyr  the  r^uzutch  directorates  vlll  take  aore 
Lnceresc  and  the  n^t  result  will  be  an  even  greater  Lnvolveaenc  overall 
vlthln  Che  Foundation  In  STIA-c^pe  prograa  acdvLcy,  or  so  the  scenario 
goe$«    To  ensure  a  eucceftsful  cranslclon,  qlnioiuQ  spending  levels  for 
STlA-type  Activity  vlchin  th*  rusearcb  directorates  will  be  set* 

If  the  above  works  as  Intended,  It  c^uld  be  a  good  tbii>g» 
Hovever»  vlll  itt    For  one  thing*  Euny  details  need  co  be  worked  out* 
The  research  dlrectorate~STIA  interface  1*!  likely  to  be  norc 
coaplLcated  than  heretofore*    Further'uore*  unless  tbere  are  some 
personnel  changes  vhlcb  result  -In  tbe  research  directorates  beconlng 
more  sympathetic  and  sensitive  to  STlA-type  activity,  there  may  very 
vtsll  be  ProbIcns«    The  ^  1984  Budget  Request  for  frograa  Development 
and  Mactagecaent  vithln  KSF  Increased  by  only  Kit  aad  tbe  nuaber  of 
FulI-TiDc  Equiva^leat  Staff  lo  froiected  to  fall  from  1»Z1S  to  U194« 
This  reduction  vould  not  sec^n  to  augur  well  for  imPl^entatlon  of  a 
nevr  soQtivbat  conpllcatod  oana^edent  schei»i» 

2*  International  Programs 

let  FY  1932,  International  Cooperative  Scientific  Activities  vas 
the  biggest  line  iten  in  the  STIA  budget  at  $11«6  QlllLont    It  clipped 
to  $9,9  Billion  tn  FY  1963  Hew  Obllgatlenal  Authority  aod  falls  to  S5,0 
lallllon  In  FY  1984,  a  1933  to  1984  drop  of  almost  $0X>    It  Is  nov  a 
poor  third  behind  Industrial  Science  ^nd  Tecbnol^^gy  innovation  C$16»5 
million)  and  Research  Initiation  and  Improveocnt  C$6«S  million) » 
However*  two  Items  appear  vithln  the  research  directorates;  an 
«4jditlonal  S5»9  million  for  International  Cooperative  Research 
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Acttvtttcs,  And  $2  otLltoii  for  h  nct^  UtSt-Indta  Jotnc  Frogra^..  Thus> 
tn  the        Press  lUtease  on  Che  PV  &A  budgeCi  a  Cotdl  progran  for 
InCcrnattonal  Cooperative  Sctenciflc  Activities  of  $1^*9'' mil  lion  is 
«houn»  aa  1ft  a  X  chang«  TX  84/83  of  plu«  20^21*  }/ 

Vill  the  nctf  Banages«At  ftchene  h^ve  tht  intended  mulciplier  effect 
on  international  cooperative  science  at  HSF?  Ic  aeeas  to.  ne  likely 
that  cerCain  kinds  of  activities  may  benefiti  naoely  highly  specialised 
areas  of  relevance  to  advanced  indufftriaL  countries  and  those 
compatible  with  the  present  Interests  of  the  research  directorates*  On 
Che  ocher  bandi  HSF  activity  relaCed  co  Less  developed  councries  and  of 
ft  aortt  ^applied  nature  oay  very  v«ll  suffer* 

Elsewherei  t^e  have  examined  che  oandate  for^HSF's  international 
involveiocnt»  A/  a  mandate  which  has  been  receiving  r^nct^ed  attention  by 
Che  tiational  Science  Board..  W  KSP'd  legislative  mandate  would  seem  to 
provide  sufficienc  Justification  for  expansion  of  its  international 
science  and  technolc^gy  role»  should  it  choose  to  do  so«    However,  in 
Che  past  Its  uain  intcrnationai  cooperative  science  activities  have 
been  with  the  developed  countries^.    In  KSF's  1979  budget  submission,  of 
Che  $10.6  oillion  requesCed  for  International  Cooperacive  Activities* 
58X  were  for  CooperaCive  Science  Activities  primarily  vith  developed  or 
wealthier  developing  countrteb^  2lZ  was  for  Scientific  Organisations 
and  Resourcee»  the  iargest  single  part  of  which  nas  the  UtS*  share  of 
the  budget  for  II ASA. 
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Sloce  1979#  the  Tiadonal  Science  Fouodatloo'a  loteroatlooal 
Activities  directed  touardd  developing  countries  here  had  a  difficult 
tlcer    A  reasonably  succ^s&ful  progr^nt  called  S££D  (Sclentlsta  and 
Engineers  foe  £conoatc  Iteveioptai^nt>  funded  hy  ^id  v&s  terminated*  A 
newly  consolidated  prograsf  Science  for  I^^veloping  Countries*  crc^'ited 
at  the  tlis^  of  iSttC^Wt  hd^  had  a  difficult  tli&a  getting  off  the  ground 
with  very  small  funding;  components  included  dissertation  grants  for 
LDC  students  In  the  U«St>  «hort  courses,  cooperative  Projects*  etc* 
The  budgeting  history  has  run  $3(>0#000  FY  31*  $200^000  FV  B2r  $S00*0O0  FV 

HSF  has  a  special  role  to  play  in  connection  ulth. so-called 
AlD^'gradudte  or  mtddle-lncone  countries*    About  thirty  bilateral 
agreements  fvr  scientific  and  technical  cooperation  are  administered 
for  the  UtSt  by  £ISF  and  up  until  nou>  they  have  been  centered  In  the 
International  progratna  Division  of  the  SIIA  Directorate*   NSF  also 
assert?  that  a  great  deal  of  International  activity  goes  on  outside  of 
STlAf  supported  by  the  traditional  scientific  research  directorates*  A 
new  $2  nllllon  Item  in  the  »SF  1934  budget  submission  Is  fot  an 
expanded  bilateral  program  ^tth  India  in  the  uake  of  Hrs«  GtJ^ndi's 
suQ^r^  1982  visit* 

In      opinion*  International  programs  Involving  developing 
countries*  particularly  middle* Income  ones>  have  been  far  less  than 
they  could  have  been  in  the  past  at  NSF*  That  being  the  case*  it  Is 
certainly  conceivable  that  the  proposed  change  In  program  management 
and  control  ullX  be  for  the  better*    Houeverr  I  reipaln  skeptical* 
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Scientific  coof^racion  wich  .ir      jplng  councri«e  ho«  el«iaencs 
Associated  vich  ic  chac  require  prloricieot  skills  and  Insighcs  vhich 
Ody  be  discing  in  che  research  dlreecocaces«    Somewhere,  a  sccong, 
knovl«dgeabU  presence  in  cime  wich  che  cequiceiiencs -foe  cooperation 
vich  developing  countries  1^  requiredt    A  screngcbened  rach«c  chan  a 
veal^ned  STIA  vich  a  bigihec  lainiQua  floor  for  developing  country 
activity  Is  an  alternative  vorch  considerin^t 


the  reduction  of  the  STtA  budget  and  ica  lesaen^d  tol«  compared  to 
tbe  reaearch  directorates  has  a  certain  analogy  vlth  vbat  is  going  on 


problem- focused  interdisciplinary  progtams  aros«  centered  around  key 
problem  areas  facing  society  ^  energy*  environmental  quailry,  health 
caret  International  d<jvelopaont  to  name  ^  f^Vf    At  NSf .  chere  vas 
Inr^rdlifciplinary  Research  on  Probleas  of  Sociery  <1RP0S)  and  then 
there  vas  Research  Applied  ro  tJatlo*tal  Meeds  (RANK)  and  nov  there  Is 
STIA. 

Within  Che  past  tvo  years^  there  has  been  a  avlng  back  towards  the 

disciplines  and  ^v^y  froa  interdisciplinary;  activltyt    I  see  the 

WSf'StlA  situation  as  a  part  of  that  trend.   The  tJSF  Director,  (who 

headed  one  of  the  key  research  directorates  prior  to  b^coaing  direccor) 

upon  observing  that  "unfortunately*  these  special  programs  typically 

t 

have  not  hod  the  resources  to  ha'jo  an  appreciable  lapact",  could  ^^^^ 
,  1* 

concluded  that  hrhat  needed  to      done  vas  to  give  the  special  programs 


3,  On  Interdisciplinary  Research 


in  the  universitieSi    in  the  1960a  and  l97Qs  a  variety  of 
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BOte  convrol  of  more  c««outcc«»*  lie  dLdn'v»    Disciplinary  pcogtaos  nay 
•uf  f«r  f  t<w  aone  of  the  «aae  maladies  atvtlbuved  to  the  special 
pTograas       lack  of  Impacc  and  3«cvlce  only  to  &P«cUl  invetms,  l*e*f 
vhc  Klendsvs  wivhln  vhe  cespecvlvc  disciplines. 

In  a  bcoatfec  acnser  che  neu  N$F<^budgec  can  be  viewed  aA  anochet 
seep  away  from  che  ((Ind  of  Incetdlficlplliury  acclvlvy  which  became 
pcomlnenc  In  ^he  i%Os  and  1970a  touardd  a  mo:e  nutxw  conception  of 
science  as  i,^  eKlsced  before  chen»    Sueh  a  developnenv  is  occurring 
\4ien  rhe  need  for  Inverdlsclpllnary  research  and  focuoed  acrivivy  ia 
greaver  vhan  ever*    ic  should  nov  go  unchallenged. 


\ 


*  There  say  also  be:  dose  relarlon  vo  rhe  fall  off  in  funding  for 
spPUed  Civilian  research  In  other  government  agei^ies,  like  EPA  and 
the  Departiaenr  of  Energy* 
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U    "The  Hanageoenc  of  N5F  Frograas,  iteoOT^tdria  ftim  Edwotd 
A.  Kuapp  CO  NSF  Executive  CoriocLlt  January  lit  1983»  ' 

2*    "Budget  Sumary  to  the  Congress"  ^  FUcal  TTear  198* »  MatLon;il 
Science  Foundation^  Washington^  {)»C»  Z0550t 

"Scatecient  of  FY  1984  Budget"*  national  Science.  X"_u'^j^'^^<^*^ 
Hetjst  HSF  FR83-6»  Feb.  1983. 

At    Korjjan,  RtFt^  "Science  and  Tethnology  for  Dc.»lopTDent;  The 

Role  of  1}*S*  Universities"  1  Fergaison  ?re8«»  New  York,  1979«    ChapUr  K 

(with  Irons,  et»  aK)  ,  ^ 

«* 

Dtateaent  on  Science  in  the  International  Setting  as  adopted 
by  the  National  Sciente  Board  at  its  23fl^t\  Heeting  on  Sept«  16*17, 
1982,  f  Jqf 

[Two  letters  from  the  American  Psychological  Association  with 
attached  materials:) 


*7> 
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0^ 


American 

Psychologjca). 

Associatiorj 


the  UoaoribU  Do'bf  WatgreTt 
Chiirj  SubcoasiCtee  on  Sci«ncet 


U.S*  lkvi«e  of  RepTe«enCit iv«B 
Z319  Kiylnirn  Uouie  Office  Building 
WflthingCoai  IW    lOSlS"-  1  ^ 


onterinE  research  cereere  in  the  behavioral  «Ttd  flocial  acienoeot  in  p«ri: 
bflC«U4e  of  chronic  funding  probleav  in  CbeBe  aread^    You  inquired  explicitly 
ibouc  whiC  v«i  hippenlAg  Co  reiearch  per«opnol  in  cbe«e  flelda..    The  purpose 
of  thifl  letter  1'  to  provide  ^osie  dat«  in  re^popee  to  yuur  inqtiiryt  And  to 
consent  briefly  on  HSF'e  lopiot  on.  the  status  of  reieeroh  personnel* 

We  heve  looked  it  th«  ntmber  of  firet-jreer  enrolinent«  in  the  relevant 
^lees  of  r^teercht  and  the  ntkber  of  doctoral  recipients*    Attached  «re 
aeveral  tAblea  of  data*  whicht  auEitti«ri««dj  indicate  tite  following  poinC«: 

O     Tho  nu&ber  of  doctorate  reciplenta  in  aocial  acienoea  other  than 

paycHology  derreaaed  15X  froQ  1976  to  19S1j  and  i«  roughly  at  pre'19Tl 
lovela  <tabte  0, 

o    Thia  trend  ia  atao  aeen  in  te««aroh  pajrchologyj  vhere  the  nuaber  of 
doctora'l  recipience  iSeciitrad  dnring  the  aame  period  (Table  1)- 

o     Firat-year  enr^tlaenta  In  research  psychology  fi^ttJa  declined  by  25^5t 
ft<yQ  1975-1980..    If  ^hia  trend  continueat  there  wuld  be  only  7^8  doctoral 
reoipienta  in  theae  areai  in  1986  "  toughly  the  aacto  aa  pre-'1970  levela 
(Table  3  md  Fignre  1)^    In  other  worda*  In  tem*  of  tJoetorate  produetionj 
roacarch  aroaa  In  pajrehology  vill  be  back  i^ere  they  were  nearljr  tventjr 
yean  oarliort  a  condition  vhieh  if  contiTtued  for  nore  t^ian  a  fev  yeara 
viU  aorioualjr  thteateit  the  quality  and  atabiiity  of  several  anbfielda* 

Theae  ctenfla  are  not  tho  reault  oCan  exceaa  aaPply  of  reaeatoh 
paychologiata.    In  recent  yearaj  despite  anecdotal  claitaa  to  tHe  contrary* 
pajrchology  hai  no^  had  an  unetsployaciit  ilor  ait  undet^aployment  problev^  Our 
data  conaiatOntly  indicated  leaa  than  t  percent  uit^aployocnt  aaong 
pajrchologista. 
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Ttwrt  i'  s«fwral  agr^tvaant  4C  lc«flC  tout  «i«}or  cau«««  of  th^ttt  Cr«ndd> 
«nd  they  «rc  dirtcCly  r^lat^dto  tedqtal  policigt*  

1*         ^duit  i*  Cht  decline  in  recetc  ye^rs  xn  che  acAdtalc  ^rkeC  for 

bchflVior^l  Attd  aociAl  «ci«iiCiaCa*    Thi«  «aae  trend        4ffecCed  neirly  «il 
of  Che  icicncifie  £ieldd«    Deipice  Che  cDployabiUCy  of  research 
pjychologisca  Ln  non-Hcideale  «ctCiDg»f  ic  i*  likely  chsc  a  dhriiking 
aeadeaic  maCktt  di*cour«ges  poCenCi^l  enCranCs  for  eany  field»« 

2*    Second  ii  the  dtcUnc  froa  an  already  veCy  lov  baa«  of  federal  research 
fund*.    This  has  been  a  chronic  problf;ai>  a«  dociimenCed  in  che  1^76  Sinon 
C^caiCCee  reporic  froa  Che  llaCional  A^tidei^  of  5CienCei>  buC  haa  goCCen 
wor»e  under  Che  curCenC  Adaini*CraCion« 

3«    WiChin  cbe  CoCal  aoounC  of  federal  ceae«rch  ftind»  cber«  baa  b«eii  an 

Lii«Cabilicy  of  funding  tot  many  «r«aa  of  re««ar<:h*    Uhile  Cecogni*ing  ChaC 
pfioriCiea  change*  iC  «Cill  la  easenCial  Co  mainCain  conCintiicy  of  funding 
foe  bft«LC,-Cj&a£arch«    SocieCal  Payoffs  and  aucceaaful  acienCific  careera 
-^^b^JtiPcpquirft  Chan  ainale-ahot  Ceaearch  pCojecCa* 


4*    Source*  of  «uPE^ort  for  graduaCe  reffearoh  Craining*  oany  of  Chca  under 
diCecC  federal  conCroK  have  either  been  diaappearing  or  dra^cically 
raductid*    OirrenC  levela  of  Predoctoral  avarda  froa  the  HaCional 
InaCiCurea  of  Healch  and  Che  Alcohol*  Drug  Abu«e^  and  KenCal  HealCh 
AdqiniaCraCion  are  lea«  Chan  one-Chird^Lvhac  Chey  vere  in  1975;  reaearch 
and  ceaehing  aaaiacanCshipa  have  beco<»e  scarce^  ac  Che  level*  of  reaearch 
funda  h«ve  declined^  or  because  ^f  oCher  economic  reaaona;  and  although 
araduaCe  aCudenC  loans  have  noC  been  eliAinaCed  aa  che  AdminiaC racion  ha* 

.        proposed^  publicity  surrounding  Chis  propoaal  discouraged  tusny  per«ona 

^        froo  even  applying  for  the»* 

\      S^e -cannoC  «Creas  enough  chat  there  need*  to  be  a  «CroQg  poaicive  aign  of 
^upport  froa  HSF  for  che  behavioCal  4nd  aocial  vcicncea*    If  these  disciplines 
^onCinue  Co  be  perceived  aa  underfunded^  Chey  will  be  perceived  as  Iaba 
p^ooising  for  fiicure  Ceaearchera* 

TTie  HSF  Rolo        .  '  .  _ 

1 

^  Ihe  HSF  budget  preparacion  procefta  i»  where  «Crong  supperc  should 
originace*    It  appeara  Chac  reqiiaaca  for  di«proporcionac«ly  low  fundii^ 
proposals  for  Che  behaviocal  and  social  sciencea  did  nec  originate  uich  KSF 
ffCaff*    However,  b«cau<e  of  che  rioting  of  ehaoges  in  HSF  acaff^  che  agency  cay 
h«ve  been  unprepared  Co  r^aiat  Ch«  proposals*    For  exaopU^  fonner  HSF 
DiCecror  John  SlaughCor  had  liCCle  or  noching  Co  do  uich  che  prepar^aCion  of 
the  FY  19^1  budgeC  and  currenC  HSl  Direccoc  Edward  Knapp  had  Uctle  Co  do  t/irh 
prep^racion  of  the  FY  1^84  budgec, 

are  concerned  ChaC  Che  curr«nC  aearch  for  an  Assiscanc  HSF  DiCecCor  for 
BBS  uml  result  in  a  «ioilar  sicuation  in  Che  upccaing  b^^dgoC  eyCle»  Ue 
reiCer^Ce  our  requeue,  made  in  writc«n  tascintony  on  Karch  10>  thac  youc 
Subc«^iCCee  Donitor  closely  Che  aeleecion  of  the  new  head  of  BBS^  co  aaaure 
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beliefii    FUrChert  t/e  hop«  thtt  Che  AppointoenC  tfill  be  Q«de  in  a  ciuly^ 
Bttnaer  ao  ChdC  Ch«  individual  cho»en  can  be  involved  iQ  Che  budgeC  cycl^  bC 
Che  earlieit  oppprCunicy.   Vh«t  su«C  be  avoided  at  all  covte  i*  y«C  snocher 
CoX'in-Che-chlcken-coop  APpolnCmeot  of  Che  tort  CbaC  hav  characCerited  Che 
currenC  AJaini»Cr»tiDn'i  creACpent  of  goveraaentAl  unico  whose  progr«d«  they 
divUke. 

I  hope  Chdt  Chii  leCCet  4nd  the  iQ^pached  dfCA  ar«  helpCuL  in  eecabli«hins 
Che  conneccion  bett^en  federal  funding  policiei  and  Che  iCatus  of  reaearch 
pcnoaoeL  La  the  behavioral  anJ  aocial  acienceit    I  would  be  Jijippy  Co  provide 
Dorc  deCaiUd  inConaation  on  any  of  Che  above  pointi. 

We  greatly  apprecUCe  rh«  concern  you  havt  expresaed  regarding  the 
propoied  FY  84  auChorlta'c Lon  leveLa  Cor  Che  aocial  and  behavioral  acienCea. 
Ihoie  leveli  are  inequiCable  relacive  Co  ocher  Cieldit  and  ara  not  leipotiaive 
CO  icienCiCiC  opporcunic lei,  to  Congreaalonil  dlrefCivea*  or  Co  national 
need*.    Our  t/rlccen  CeftCfisoitiy  developa  thii  poeicion  in  mora  deCall.    I  vould 
aleply  repeat  here  our  belief  chat  FY         auchoritacion  and  appropriaciona 
hiwld  be  at  levela  Chac  rcacore  Cundins  to  FY  1930  levela*  correcced  for 
inflicion.    Ihia  will  not  only  enable  Cheae  field*  to  beCCer  fulfill  their 
pocencial  by  coacriburins  Co  tfie  national  welfare*  buc  vill  aignal  the 
Congroii'i  beliaC  Cbat  Cheie  fields  join  wlcb  ochera  in  having  a  ai^ificanC 
role  ro  play  In  addreaiing  cricical  nacional  needa. 


Since relyr 


'Alui  Gi  KrauCt  Ph.D. 

Deputy  EKeCutivfi  Officer  for 

*  Kacional  Policy  Srudiei 


ArCachoenCa 
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Doctorate  Recipience  In  SocUl  Sciences 
<oth^r  than  Psychology),  1970-1931 


J' 

/  Year  of  Doctorate 

Tbtal 

1970 

2.676 

,1972 

3,331 

197* 

3,575 

1976 

3,707 

19/3 

3,410 

.  1930 

3,156 

1981 

3,143 

Source:  National  R-oarch  Council.  Office  of  Scientific  and  Engineering; 
Personnel,  Doctorate  Records  File. 
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Figure  I.    DotCoraCe  productioo  In  psycholosy^  1^68  to  1$81  (actual)  and 
projected  tu  i?6&  for  rea^ar^h  subflcida.    Source;  tlati-^nal  Rcaeatch  Council. 
Suaaary  Rgpott  19^1  &f><Tnrate  acclplents  fton  ^nlt^J  ^tatga  Unfvcrflitiea. 
Waahlirgtont  D^C  National  Atadeoy  of  Scl«nc»t  1902.    Alao  prior  annual  report*. 
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Ile«eap;c^')  and  technology 
U«  S.  Hau»e  of  E«  present  a  tlveo^  ^ 
U«aMn^lCor.,  D.  C.    20515  * 

Dear  Chttlnun  Ualgreni  t 

Accaci'ed  la  a  staceaenc  concernlag  Che  reUcioptthlp  of  behavioral  and 
«ociitl  «cienci!  reaeatch  to  productivity  is  veil  as  an  aa^eaaaent  of  the 
adeqiury  of  recaiit  Ifocional  Science  FouDdacloo  (NSF)  budgets  for  cheae  flalda 
CO  aodteaa  naclonal  needa  on  thla  Issue.    The  acatemeiit  Includea  a  chart  of 
recont  budget  te^ue^ca  and  final  b^£«ta  for  NSF*a  BloIoglCaLf  Behavioral,  and 
Social  5clenc«a  (BBS)  dlracco^acej  plua  a  numbet  of  specific  exaaPles  of  the 
vaya  |n  vhlfh  behavioral  and  ao^lal science  r^^earch  coocrlbutea  t^ 
ptoducclvlty. 

this  acatetwnc  1«  provided  In  re«pona«  Co  jour  request  during  our 
conversation  of  Hatch         Please  let  ae  know  If  further  Inforvatlon  Is  needed. 

Slncetelyp  _ 


Alan,  C.  Kraut,  Fh.Dt 
Deputy  E:cecutlve  Officer  for 
National  Policy  Studies 
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The  Inportif^ce  of  "The  Hu&an  Fa^tijr"  iA  Efoaonic  Productivity  ind  InnovaCiQg 

lAPrvVfid  productivity  i»  i^nar^lly  di^uaed  Co  be  eiicntidl  ro  econooic 
recovery.    Productivity  is  typically  defined       the  outPut  of  goodi  and 
«ervicet  produced  by  the  mPut  of  s  combination  of  such  reioitrces  a*  capital 
inve^tuent  >  anterialsr  apd  labor.    Currently^  there  1<  i&reat  caP^a^le  being 
placed  on  developing  innovative  technological  Inpura  ai  «  t:ey  element  in 
laprovijig  Qjiv  nation's  pr<rductivity »    There  hai  not  been  «  coooensurate  effort 
to  itaprov^  the  huaan  input»  a««ociated  vith  productivity*    Yet  the  need  for 
innovation  in  thia  area  la  vldely  recognizeft.  ^ 

the  Kou«c  Science*  fte«e4rch  and  Technology  (SRl)  Subcommittee  in  it« 
recent  report  on  ''The  Ibsan  Factor  io  Innovation  and  Product iviry"  found  the 
following  to  be  crtie: 

Finding  Ii     lU«toricallyi  the  importance  of  the  human  factor  to  innovation 
4nd  proluctivity  intprovement  ha«  been  uitdere«rlitatcd»    ^  '  result)  ir  fiAo 
nor  been  carefully  studied  and  la  not  veil  underatood»    What  is  known^v 
that  organiEAtiOn*  In  Japani  Scmdina via>  and  the  United  State'^  vhich  are 
demonatrating  a  »enaitlvity  to  tne  interaction  beCween  individuals,  both 
vertically  and  horiionrally  In  the  organlEationi  are  realitlng  reduced 
turnoveri  abaenteei«m»  and  grievances  froo  enployees»  Ihetfe 
org«niEation0i  genera|ly>  are  also  retaaining  tomPetitive  and  exhibiting 
°  heAlthy  Productivity  performance  In  4  troubled  vorld  eeonomy  (p»3). 

Ihft  proceaaes  of  using>  maintaining^  creating^  or  deploying  rjnv  technologies 
are  not  merely  «echanistie  nor  Purely  economic*  Aa  Brian  Uallaner  of  the  U. 
5.  General  Accoonting  Office  put  it  in  hia  teatimony  before  Che  Subeoccairree 
in  September  of  1931: 

To  Put  it  bluntlyi  capital  end  technology  by  rheatelvea  pf^oduce 
nothing.    A  oachlne^  #  ptoce8a>  or  e  aystco  may  be  ever  so 
brilliantly  coiitrived,  but  it  i»  no  more  effective  than  the 
^-^ople  operating  and  uuinaging  it  vant  ic  to  be  or  know  hov  Co 
sake  iC  (SubcooaiCCee  ReporC,  p*  3o)» 

Ihe  federal  gov^mmenC  haa  e  leAdina  role  in  aupporcinS  basic  research 
ChaC  leada  Co  innovarion.    This  policy  haa  been  adopced  by  the  current 
Adainiarretioni  vftich  believ^a  rhar>  in  Ato^t  instaneesi  supporr  of  basic 
reaearch  la  the  most  leSitimate  role  for  the  federal  government  on  the  RAI> 
spectrum  of  activities-    Uovever>  the  Adnlnlatration  haa  been  eonaiotent  in 
It*  efforts  to  downgrade  reaesrch  support  In  the  behavioral  and  aocial 
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«^i«nc«»t  aianing  uicb  ttt  FY  82  Mg«t  K«queBi  ubicb  Piopoted  lou  budget 
jequctCft  fbr  FY  82  apd  ie«cts«ion«  for  1981 .    IhcflC  piopoaala  accoapaniod 
by  ib«  assertion  ih«i  oany  of  ihe  behavloial  and  tocittl  vcienci*  piograui  **aic 
con«i4er#d  to  be  of  Uflsei  ii33«d£at«  Piiority  in  overall  HSF  i«s«aich  ftuPPoit" 
Cp*  42,  HSF  Budg«i  in  Brf«f,  Haich  1981). 

The  Preaid«nC*s  FY  84  Budget  Requctt  foi  GeneiAl  Sciencft*  Sp«ce  £nd 
Ttfrchnoldgy  coniaina  thC  folloving  Biattiaent:    ''The  pilntipal  eiaaion  oi^t'SF 
lib«  Hittdnal  Science  Fdundaiioni  i»  to  support  baftic  reaeaich  in  all  tciencC 
and  engineering  CttiUf/^  Yot  tbe  budget  ProPoA«I  lepeaCedly  eiaphttVizCs 

inv^tCwnt  in  itM  PttysiCiil  ■cieni.ea  and  engineering  ai  a  meane  of  achieving  oi 
««LnC^ining  U^S.  leadeiahip  in  «ucb  aieas       defepec  and 
hiKhnechnoloSy-Je pendent  industry  .  ^ 

Tbts  decQPhaaia  of  the  non*Pbyftical  acience*  is  reflected  in  Che  FY  8A 
buds^t  i«gue«i«  foi  NSF'a  behavioiAl  and  social  acience  Piogiatait    While  the 
a£4!ncy*a  budget  at  a  uhole  m  targeted  foi  an  tfl^rcaae  of  18  Percent*  the  ' 
b^havi^rai  and  aotiaL  aciencea  have  bven  targiited  for  much  ^sailer  SAina*  aooe 
at  1^  4a  2.7  percent  (p»ytUobiol()gy}  and  4<  ?  Percenr  (social  and 
dtvelopQiintal  payehoiogy)* 

;3ntje  diaMrately  lou  FY  $4  budget  reQWeat-  f^n^hese  aeieaeca  ia 
parriculatiy  dwtaging  becauao  t<SF  funding  in  Chofte  acieneea  haa  decreased 
atoadily  iince  FY  1980  in  tena*  of  real  ddllara.    (See  ArtachnenC  1  for  acrual 
figurea^t    For  e^a&ple^  ihe  Behavioral  mC  Kegral  Sciences  budget  uaa  ^36.8 
QilUf>n  in  FY  80*  destined  to  129.  2  million  in  FY  32  and  haa  been  oa}y 
partially  r^aCored  Co  l33f8aiUion  in  FY  83.    Virrually  all  behavioral  And 
■octal  acience  Pr<7graira  havo  v^iperienced  tbia  ftinding  pattern.     In  eonrraat. 
biology  prograoa  uirhin  BBS  hav«  increased  ftteadily  fcOD  IIII.&  nillion  in  FY 
a(>  ro  lni.2  million  in  FY 

Equally  dUrurbing  la  the  pattern  of  budget  requeacs  in  rhe  past  four 
yvarSf    These  budgeC  requesra  conatituto  a  pati^ern  of  neglect  that  overlooks 
Che  Vfttue  and  contribution  of  these  aci^icea  in  ioproving  rhe  induarrial  and 
econoaic  Vrodu<;Civtt;y  of  t^ia  nation.    That  contribution  is  deacribed  briefly 
belov. 

IjmaPtfa  jf  Gon'ribtjCiona  of  Behavioral  and  Social  Science  Rcaearch  ro 
Frgductivttv 

7  The  ovefdll  place  of»  and  contribur iotis  by,  behavioral  and  ao^ial  acienca 
research  in  the  U.S.  economy  la  veil  esrabliahed; 

4 

Paat  tnveataents  in  the  social  and  behavioral  scicncea  have  led 
ro  and  lopioved  lechnologiea  of  considerable  dollar  value. 
Mulri-i»iLlion  dollar  induarrfes  have  efserged  in  the  Unired 
Statca  Iroffl  findngs  and  ditcoveriea  trsccablc^ to  rhe  ao^ial  and 
bt^hAVioral  «ctencfla.  A  Prof  it'orienred  private  econotay  adapt  a  ' 
*  H  arid  afplie*  rhc^c  products*  juat  aa  it  Purchases  elacrronica  or 
wdicinea  which  started  as  physial  or  biological  science 
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di*eov«ri««^    IsiportanC  tntetFrt««i  tra  now  butlc  around 
«Conooie  foreci^ciagi  dcQOgnphic  projecciooip  policicil  polling 
iDd  «urv«y  r«*e«rch,  aCinditdtted  educational,  ApCiCud«i  and 
iitC«ilig«nce  Cft*CiaS»  Personnel  ««lecc  Loa  and  fUtnaEeoenC 
eoun»elinSi  languSt  laatruc^ioni  pcychocberWr  coftC~b«i\e£ic 
anjiysi*,  hvaan  enein^erine  «y«Ce9  de»ign«  coaftuoer  rercach» 
urkBCing  Anatyai*»  Mynbols  and  iaage  d«*iSnp  and  inforaacLon 
di**«QiaatiOD,    Whole  indu>trrl«a  and  pro£e*«i(Hi«  luch  aft 
ndver^LrinSp  public  r«laCionftp  and  «aaa  a«dta  audience 
aeavumftnC  tBrvie«a»  dr*w  concinuoualy  on  Ln£orvaCion< 
CectutfquBf  and  aeaaurea  developed  in  social  lad  behavioral 
r«*«aich.    Technologic*  ire  alao  erporced  (e>g^»  Cftllup 
iQiernationaDi    Ihey  alito  attract  foreign  £nve«taenCa  a> 
thouaaadr  of  atudenCc  coa«  froa  ehro«d  for  advanced  Cratning  in 
e«ono«hetric*i  linftuiacic*»  d«DOgraphy«  ^turvey  aechodology, 
PaychooeCric  ce*cia&«  aanasemenC  aciencer  ttc,  (Ltrften»  I93h 
p'  8> 

S|}fcific  flxe«Ple*  of  conCributtoaa  include  Che  foiloving: 

o       Feraonnel  aeleccion.  and  aBaeafteeAC;    It  haa  teen  eaciiaaCed  Chac 
•pproriftat«l}r  $15  billion  could  be  aaved  yearly  by  Che  federal  government 
•  lone  if  ic  uaed  ioprqved  «aploye«  aele^Cton  procedure**  The  eaciQaced  aavittga 
for  the  econ<my  *t  a  whole  i«  ahouC  iBO  t^tllton  ye«rly<  or  abouc  3  P«rcenC  of 
Kroaa  nacional  Produce* 

0       Survay  rtacateh;    A  «irable  induatiy  it«elf  (e«ciaaCed  Co  have  been 
tillton  in  I978)»  aurvey*  are  tncr«aaii^ly  u«cd  by  bu»iner*  (for  crucial 
inve*caenc  deciaiona><  hy  SovernmenC  (co  predict  fucure  revenue^  *i3ong  ocher 
uaea)p  and  by  innovaCora  (to  assa««  Che  laarkCC  pocential  of  new  producca  and 
qecvieee)  (XornaCrky  ££.^*,  1982)* 

0       Huaan  facCora  reacarc^;    irog  a»ed  in  Che  deaign  of  indaetrial 
production  line*  (one  intervenCion  by  buiaan  faccorft  reaerchertf  cue  toCal 
*a*etftbly  tiac  froa  7v  to  28  atnucea)»  it  ha*  alao  b«en  extenalvely  uaed  in 
aCandardited  hfghway  *igna<  in  cbe  deaign  of  boch  oillCary  ar^  civilian 
aireraftp  and  in  cho  deaign  of  tounClea*  producCa  Involvltt;^  che  adapcacion  CO 
htwn  abiliciea  and  dioentftona  (e*g*p  furniCMrer  Cool«,  e'*e,)*    Aa  a  re«ulc  of 
C  d  three^ile  Uland  IncidenC »  whi^h  «ub«e<)aenc  *Cudy  ^noved  to  be  caused 
oore  >y  huna^  faccora  dcaiSn  ahorceoainga  Chan  by  equiuienc  failureai  Che 
IKtclear  AeguUcoiy  Comt$«ion  ciiliaC«d  the  eid  of  Che  Httoan  Factors  SoctaCy 
a  major  *Cudy  of  the  dcraign  of  nucloat  pouer  eqaipuKtnC, 

w  I 

o      Otgantratioaat  deaign;    A  mjnber  of  differenC  organf sacionai  faccora« 
such  aa  ahand  decieion^aaking»  deeenCtal ttecion<  gon|-aeccing<  and  tying 
employee  eoapenaacton  (in  Part)  CO  overall  fina  perforaeAce  h^ve  been  ahovn 
Cioe  and  titte  egain  Co  he  relaCed  to  vorker  produeCxviCy»  dorale*  an<t  quelity 
of  work  life       facCora  that  iiAia  aftablo  econooic  effecc«i    Sach  changea  in 
deaign  have  aaved  firoa  nilligna  of  dollatr  and  have  aaved  aooc  feon  econociic 
extinCCton,    OrSanisaCional  deelgn  alao  dffecca  auch  Ching«  as  vorkolace 
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*af*tJ  itiJ  iL^tJpnC  reJuCtioni  whith        ihoi/n       b<r  io Proved  ia  booa  Atodi^ri 
uaing  behivio»L  intervencion  by  ii  su^h       6D  percent  i  wprker  4hsgrxc«^iiEi  4nd 
Cur^i^veri  which  unaddtesaed  can  corC  fima  aizable  atiOunCa^  «nd  ajkphol  *A.d 
Jru&  ibuie,  uho«^  effecCi  «n  prodiicCi v^Cy  alone  i»  eiCiiaated  to  be  «bi>uC 
billion  A  year*       ^  4* 

TKe  Heed  for  Further  Sofi^l  and  BahiviorM  Rw^rch  on  Produce Ivjtjy 

D^«p>Ce  cbe«c  oiUdipleif  ic  wA«  Che  conien«u«  of  aobC  viCneoaes  CeiCifyinS 
before  the  Subctnaaitiee  xn  Che  Scpttiober  19S1  ltedrin&»  Ch«C  Chere  i«  «n 
(>v«r«n  lack  of  rttU«bLe^  ay«tendCic  research  on  Che  itupacC  of  hua^n  facCot* 
on  tnoovacion  and  ProduCCiviCy*    lb«  SubcamaiCCee'a  reporC  «C4te«: 
A- 

Finding  VI*    Hiere  ii  a  a^d  for  research  by  aocial  9<^ienCi0Ci 
^nd  economaCff  Co  beCCer  aader«Cand  Cbc  workplace  and  Che 
relacionahip  of  huaan  facCor*  Co  innovation  and  productivicy* 
the  inpacc  of  C«chnology  on  Che  vorhflrs^  and  the  facCora 
nec^aaary  co  r^«li£«  Che  effecCive  isplcctenCaC ion  o£  technology 
^  in  Ch'j  workplace  need  CO  b«  explored*    Problea-ori<^nCed^  4a  wcll 
a«  <fi«ciPline"OrienCed  Research  ahoold  be  encoiir«B«d  (p*  9)* 
t 

Tbg  HfteJ  r^f  Incrcat^d  Ftdeial  Fun<^tnft  foi  Soctel  and  Behavioral  Research 

la  view  oC  Che  dc^vCic  reduCCion  in  fund*  available  for  social  and 
behavioral  research*  pamcularly  from  the  National  Science  Foundacioni  Che 
Sub(oaoiCCea*a  Report  ral^ea  Co  ^'^ue>Cion«  a«  Co  |H5F^»1  cotsaicoenc  CO  aocial 
And  behitvtoral  K^ien^eai  aa  oppoaod  Co  Che  phy«ical  ^cience^"  (p*  33)* 
C}iairT»n  lV>uS  Vttlgr^n  view*  the  siCuoC^on  as  being  "of  uCooat  con<^ern  given 
Che  ippacc  of  huaan  farCora  in  UiS*  innovacion  and  pr<>diiccivity*'  Cp*  34)* 

Therefor«f  the  SubcouuiCCee  t^onclud^di  in  one  of  ica  major  tecooD^ndetions : 

Cbngr««9  ahould  provide  funda  for  re«earch  on  Che  inCerecCion 
between  husAn  faccors  dnd  innovaCion  and  produccivicy »  NaCional 
Scionce  FoundaCion  pCograma»  in  parCic^laC  Che  vociul  acien<^eaf 
ahould  be  eaPhaai^ed  (p»  10)*  *       ^  ^ 

*^ 

ReJEorencea 

l^ra^ni  0*    Need  for  concinuing  aupPorC  for  .aocial  aciences*  ASA 
FooCtvotea*  March  19S1*  p*  S*  ^ 

Subcomsitcee  on  Scien<^Cf  Heveech^  and  Technology^  ^*  S*  Hou$e  of 
RePreaentacivea*    The  huoan  facCor  iif  innovation  and 
produ<itiv_ijj*    ReporC  Co  che  ConmiCCee  on  Science  and 
_Je<shnology,  October  19B2-    Vaabingcon,  D*  C* :    U*  S* '  CovornocnC 
FrinCing  Office,  1962* 
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[Questions  for  the  recori.on  subjects  covered  by  today's  hearings 
with  th^e  [orrnal  responses  of  the  Ntitipnal  Science  Foundation:] 
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lofCffwllOfl  Science  fljul  TficTimiloGy 


- The  Comniittee  Repoft  Authoniine  Appfopnatftns  to  NSF  for  FY  S3. 

stated,  "it  Js  the  Committee's  view  tn^t  the  Foundation  altocate  up  to  56-5 
tiptlllon  to  the  Divvsiofv  of  Infofmation  Science  and  Technology".  What  was 
tbe  rationale  for  allocaUng  apprOMmateJy  $1  milhon  less  than  the  Commit- 
^     tee  directed? 

ANSWCtt;       The  FV  I9S3  appropriation  fof  the  Foundation  did  not  provKte  sufficient 
^      fwds  to  meet  all  Congtessionai  recommendations  and  detections.  Car^ui 
^     consideration  was  g^ven  to  the  COmpetir^  requirements  of  a  wide  variety  of 
efforts,  to  all  C^gressional  gMi<bncei  to  saentifk  needs  and  opportu- 
nities^ and  to  achieving  a  balanced  program' within  the  total  available 
funds.  Additional  amounts  were  allocated  not  jonly  to  information  science 
and  technology^  but  algOr  for  e)ca;nple»  to  the  behavioral  and  social  sciences 
and  International  cooperative  activities.  The  final  FV  I9S3  program  is,  we 
belt£Yfi,_Eesporsivet  well-balanced  and  sound  wUhin  the  cofttext  of  our  FV 
appropriations  total. 

QUESTION!  What  value  do  you  place  oA  the  contribution  of  Information  Science  and 
Technology  in  addressing  productivity  and. economic  concerns?  Coaputec- 
Research  is  proposed  to  receive  in  FV  I9S*  a  IS%  incre^  over  FV 
andComputer  Engineering  a  25%  increase  —  why  does  Information  Science 
receive  only  a  13%  increase  (bringing  the  funding  level  back  to  that  of  FV 
\^%VP  Why  is  the  large^increase  proposed  for  Computer  Engineeringt  when 
this  field  is  proving  sc  l\^rative  in  the  private  sector? 

AMSWEftf  There  has  been  widespread  discussion,  in  general  terms»  about  the  potential 
contributions  to  ihcreased  productivity  and  economic  growth  attending  the 
nation's  ^movement  into  the  "informatioij  and  communications  ^eJ' 
Recently^  the  interrelations  among  the  fields  of  information  sciencet 
computer  sclenc^  and  computer  engineering  have  been  examined  both 
within  the  Foundation  and  by  the  National  Science  Board  4NSB).  A 
January,  |9g3  workshop  sponsotedby  MSF  brou^^ht  together  iea<lers  In  these 
fields  to  discus*  the  state-of-the*art  and  area*  requiring  additionaJ 
research.  In  March  of  this  year^  t.he  N5B  was.  briefed  on  tbese  fields  as 
^  part  of  its  responsibilities  for  policy  direction. 

tn  all  three  areas  —  iniormaticn  science  and  technology,  computer  ^ence 
and  computer  engineering  the  Foundation  emphasizes  ^upporc  of  long^ 
t«rm  fundamef^tal  research.  The  aim  of  research  and  development 
supported  by  industry,  say  in  computer  engineering,  is  tyj^c;ally  oriented 
more  towards  immediate  payoff  and  proprietary  benefir..  This  is  in 
contrast  to  NSF-soppor ted  research  which  provides  the  kr^ledge  from 
which  an  indost^y  and  the  Mation^as  a  whole  may  be  able  to  benefit. 

TKe  13%  incrcnient  proposed  for  the  Information  science  sui>activlty 
reflects  the  decjsior  tc  place  higher  priority  on  meeting  needs  for  research 
instrumentaticn^arkf  plant  biology,  and  will  billow  real  growth  in  this  area  of 
science.  .  -  ^ 

QUESTION^     What  direction  has  the  staffing  and  funding  pattern, of  the  Information 
Science  Division! taken  since  It  became  a  Division  within  BBS?  ^ 
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*J  A\y\  LR*  lfifQffr*.iijjm  *ef*t.e  and  TechnoJtJgy  became  a  sut>activhy  within 
B&S  jn  1^>8I*  FWKJjng  for  CI  *n  fV  was  $5.9  tnijijoo;  In  FY  19S3  h 
ts  estimated  to  be  $5*4  million:  the  FY  \^Z<i  request  is  $6*1  mitlion. 
Staffing  for  I5T  has  decre^ed  from  1^  fuLl-time  positions  in  FY  19Z\  lo 
9*S  fu)l*time  equivaknts  in  FY  I9S3* 

iJUESTlON:  ffiould  NSF  be^bJe  to  develop  a  more  effect* v«  and  comprehensive  program 
tf  the  Informauon  Science,  Compviter  Science,  and  Computer  Engineering 
Divisions  tno^  located  in  three  directorates  ^  &11Sf  MPS,  and  Engineering) 
were  broyght  together  m  a  ne*  directorate  where  adequate  and  <:oor<£- 
nated  mana^^ement  attention  could  be  g^ven  to  all  programs?  What 
mechanisms  are  used  to  coor<iinate  thw  activities  at  the  prwent  time? 

  ANSot£R*       There  is  a  strong  and  deimitc  Unkage  between  the  information  sciences  and 

~  other  research  supported  in  6SS«  Special  ties  exist  with  the  cognitive^ 
linguisuc  and  economic  saeoces,  and  the  current  administrative  arrange, 
ments  strongly  encourage  cooperation  .anTd  planning*^  Coordination  with  the 
mentioned  computer  support  effortslis  excellent*  with  programs  tn  the 
*ariou*  directorates  jointly  f^inding  pfoposa^*,  taking  part  in  each  others^ 
advisory  committee  meetings,  developing  and  participating  -in  ^pe^ial- 
workshops,  and  in  preparing  special  presentations  such  as  that  for  the 
March  I9g3  meeting  of^the  National  Science  Board.  The  present  arrange, 
ment  has  allowed  the  Information  Sfcience  ar»d  Technology,  Computer 
Scier»ce  and  Computer  Engineel'ing  prv^rams  to  <fraw  and  b^iild  upon  the 
cognate  research  takmg  place  tn  thr^  <firectorates>  It  has  the  further 
Advantage  o(  faciUtating  a  flexible  approach  to  svippor;  of  a  very  rapidly 
I    Changing  field  of  science* 

QUES^IU^:    Ajoes  Poiicy  Research  and  Analysis  (STIAl  support  research  in  the  area  of 
jinlormation  pohcy'  Ho^if  is  that  program  coordinated  with  the  priofitits 
J  '.^^^for  Information  Science  Computer  Science  (MPS),  and  Computer 

i  ^£ng?neerin|  (EMG)? 

AN^viiRk  The  Policy  Research  and  Analyses  iPtlA)  division  primarily  has  supported 
foiicy  research  in  the  area  of  computer  technology*  PRA  limits  itself  to 
pobcy  research  and  analysis^  while  1ST  supports  the  fundamental  research 
on  economic  and  societaf  impact  of  information  science  and  technology 
which  IS  essential  to  the  policy  analysis  process.  Computer  e^g^ineering 
<£NG)  IS  directed  at  broa<lening  the  understanding  of  principles  of  design 
and  constructi<K^  of  computers^  while  computer  research  supported  throqgh 
the  MP£  directorate  tends  to  be  more  %of  tvtrare  oriented..  The  complemen. 
tarity  of  all  of  the  foundation's  computer-related  efforts  is  ensured 
through  ^he  dose  and  continuing  contacts  between  their  respective  staffs. 
For  example*  PRA  t$  now  proposing  a  neur  initJatlve  covering  policy  issues 
involving  computers,  communications  and  information*.  One  part  of  this 
e(fort  was  a  ix^orkshop  held  in  Dedhamt  Massachusetts  on  March  ^23  of 
this'year  at  which  PRA  and  1ST  program  managers  were  represented. 

QUESTION:  Last. year  we  received  a  letter  signed  by  about  3D  distinguished  scientists 
including  Nobel  dinners  in  Physics,  Diochcmistry^  and  Economics  urging^ 
increased  support  for  Information  Science  at  NSF*  Why  do  you  feel  this 
unique  and  new  d^sejpline  can  be  nurtured  at  the  proposed  funding  level, 
especially  when  the  Divisioa  received  less  support  In  FV  ^I9S2  and  FY  I9S3 
thaoinFi:j9Sl? 
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QUESTION  t 


OUESTlONt 


The  TY  19B3  Ojrrem  Plon  for  mlormdtioi^  stienge  f<?se3fCh  incrwes^ 
support  over  FY  19Si  *icid  bnog^  it  to  S^-*^  miiUon;  additiofmi  increase  ol 
ahixjt  13%  10  FY  \9Zu  resoits  3  total  ol  56-1  million  for  thjs  orea,  Ttijs 
Utter  re<iu4stc<J  increase  provides  lor  growth  ond  wouid  bring  FY  19S^ 
oI>ove  the  FY  19SI  Icveli  lr*iormatiort  Scierwre  an<J  Technology  is  an 
euierging  fjeJd  ol  research  and  tl'is  IcvcL  ol  lund^ng  wojJd  permit  NSF  to 
fund  about  ^0%  of  proposals  rece  v«d  t>y  it.  The  s^cess  >atio  in  other  QBS 
programs  ^  som«  of  ^hich  are  also  m  rapidly  advances  hvgh-gro^t[t  fields 
—  mf  comfwrbon,  is  of  the  order  ol  20*30%* 


In  ^  year  when  th«  NKF  budget  ha^  had  substaptiai  increases  its  proposed 
budget  {or  th«r«  has  been  no  increase  in  the  lundirig  o^  programs  for 
minorm^j  or  in  the  one  program,  the  ViSiting  PfOfessorsLpi  lor  women 
scientisiS'  ^hy  hav(*  these  programs  not  received  ^itdditional  support? 

En  FY  19S2»  the  round^non  fo^jnd  that  the  funds  budgeted  lor  the  Minority 
Research  Initiation  program  exceeded  the  amount  re<?uested  by  the  quahty 
propoiaJs  received.  In  evaluating  the  Mmorit>  Research  [oniation  program 
It  was  decided  to  hold  the  pro-am  funds  at  the  level  oi  >2iO0OiOOO  lor  the 
immediate  future  ijniil  it  *as  determined  that  a  need  fof  increased  funding 
v^as  justified. 

Also  in  FY  19S2»  the  first  year  of  the  Rcscarrh  Improvemem  in  Minority 
Institutionsi  the  original  budgeted  figure  was  S:oOiOOO.  This  was  increased 
to  an  obhgauon  figure  of  S907iS2$  in  FY  |9S2.  Since  $2*000,000  ^as  the 
anticipated  cc*hng  f  *v  this  prograjn*  the  Foundation  has  held  this  program 
at  le\el  funding  for  the  immediate  future.  As  there  are  a  limited  number 
of  eligible  schools  (about  30)t  this  figure  may  remain  constant* 

The  program  for  Visiting  Professorships  for  Women  (VPW)  shows  a  200% 
increase  from  FY  19S2  to  FY  19S3-  The  high  duality  <rf  proposals  m  FY 
19S2  resulted  in  additional  f^Jnds  being  awarded  an  increase  oi^%k*tZ,OQQ 
over  the  allocated  ^ ^00,000.  In  FY  the  allocation  is  M,500,000  and  it 
was  decided  to  maintain  this  level  in  FV  \9m  to  maiotam  the  high  quality 
of  ihe  program. 

All  programs  are  reviewed  each  >ear  belore  and  during  the  preparation  ^f 
the  annual  budget  requests  and  determinations  arc  made  based  on  the  oeeds 
of  the  program  and  the  priorities  of  the  Foundation*  ^ 

Since  funds  are  present  in  the  19S*^  NSF  "budget  various  program 
additions^  why  was  thare  no  funding  fof  ihe  National  Research  Opportunity 
Grants,  or  a  similar  research  inltiauon  program  for  wjmcn? 

There  were  no  program  additionsi  Funds  have  been  used  ^o  expand  eusting 
programs  within  the  research  directorates.  It  is  anticipated  that  these 
expanded  research  programs  will  prove  as  equally  beneficial  to  women  as 
to  men,  The  program  of  Presidential  YouQg  Investigators  ^111  be 
fuided  out  of  the  <^Jtpanded  research  pfogranist  and  the  Foundation  antici* 
pates  that  a  sizable  proportion  of  the  200  awards  will  be  madi^  to  women, 
it  IS  (lot  the  intent  of  the  Fouridation  to  create  new  set  asj<5e  programs  but 
rather  to  expand  opportunities  for  ^women  within  the  existing  research 
programs. 
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QUESTION;     At  prc^cmtt  NSf  ^ms  no  pfo^um  to  encoufdge  women  to  Choose  tectvtjca! 

c^rcerst  or  to  hcJp  thcro  to  return  to  sgch  careers  and  fully  utilize  their 
abUitie^  after  a  career  break*  Such  p'rograms  have  existed  at  N'Sr  in  the 
pastt  And  they  ^re  evaluated,  and  tovtuA  to  be  highly  effeciive.  The 
recf^try  programs*  for  example,  have  been  shown  to  r^twn  more  in  tax 
doJJar  increases  than  xhay  cost.  Jn  view  of  the  continuing  need  £t>r  such 
effof  tSt  and  the  krtown  eff^tiveness  of  prograrns  in  this  orea; 

\)     ^'hy  <faes  NSF  not  have  program  proposals  to  Increase  the  partid' 
paiioa  of  women  in  science  in  its  l$a*f  budget? 

'2)     What  ptannjn^  ts  now  undervtay  to  ^veJop  such  programs  for  future 
years? 

ANSvtfiR;  ^tiiJe  there  are  no  specific  prop<)sals  ta  the  19SU  budget  requesi  for  reentry 
programs  for  women,  there  are  opportunities  wjthln  existing  programs  for 
women  to  utilize  their  scientific  training  after,  a  career  break*  e>g«, 
Pfwident^a}  Yojjng  in  instigators,  Untfcr  graduate  College  Research  Support," 
Visiting  Professorships  for  U^ome^t  etc.  It  is  envisioned  that  as  program 
olficer^  become  more  famihar  with  their  rok  of  responsibility  for  the  full 
r^nge  of  scientific  needs  la  their  disciplinary  area>  a  greater  sens'tlvity  to 
issi>es  such  a*  the  reentry  problems  of  women  scjentis**  ull  be  developed 
^dprovisionofopportunitlesv^ni  be  strengthened*  - 

The  Director  iS  currently  working  with  the  (^ommittee  on  Equal  Opportu- 
nities in  Science  and  Technology  to  review  NSF  activities  for  ninorrtles 
awJ  women  and  to,  where  appropriate*  recommend  new  efiort*  an(^/'o^ 
strengthen  existing  ones*  Reentry  programs  will  be  discussed  as  a  part  of 
this  review. 

QUESTION;  MSF  londmg  for  pro-ams  for  womeii  reached  its  highest  yearly  amc^nt  In 
i^tU  when  slightly  over  2  mjJhon  dolJars  went  to  programs  to  increase  the 
participation  oi  women  in  science.  The  l^Sb  budtget  proposal  of  million 
IS  less  than  75%  of  the  amount;  the  actual  decrease  is  even  greater 
,  when  inflation  considered.  Why  is  N5r  decreasing  Its  support  for  effort 
to  increase  the  utilization  of  the  scientific  talents  of  women,  at  a  time 
when  th^  countr/s  needs  for  trained  technical  talent  iS  increasing? 

ANSvi'ERf  '  In  FY  approximately  $2  million  of  Science  and  Engineering  Education 
fun<^  went  to  t^geted  programs  to  increase  participation  of  womeci  in 
science.  The  programs  funde<t  here  provi<fe<t  educational  enrichm^t  for 
,  young  women  through  career  awareness  workshops  and  educational  upgrad- 
ing lor  women  with  baccalaureate  degrees  in  science  who  were  uoemptoyed 
or  Underemployed.  S^*&scquently,  Science  an<I  Engineering  Education  funds 
were  cut  backl  $U  milhon  were  provided  for  the  Graduate  Research 
Fellowships  andall  olher  programs  were  terminated 

In  FY  i$Z2,  the  Foundation  est3blishe<t  the  Visiting  Professorships  for 
women  at  $^00»000  (this  was  ^  ^lly  increased  to  $^i^,COO  because  of  the 
exceptional  high  qoatity  of  .Lie  proposals)  and  has  subsequently  teen 
increased  to  SltSOOjOOO  for  FY  19a3  and  FY  This  represents  an 

Increase  over  \$Z2  of  53%» 


674 


ERIC 


673 


NSP  js  not  ^ecrcasmg  its  sup^t  for  efforts  to  increase  the  utittzatjon  of 
the  scjerjttljc  talents  of  won^n.  Rather,  it  ^s  antjCipate<j  th^t  by  havfng 
the  research  directorates  assu:ne  greater  responsibility  lor  the  health  o{  all 
soence,  they  will  become  more  aware  o%  and  reip^nsjve  to,  the  oee^  of 
^    women  scientists. 

QUEr^TlON:  At  present,  NSF  has  no  program  of  rer.arch  initiation  targeted  t5>wafds 
women,  though  such  a  program  was  included  in  the  congressional  recom- 
mendations in  ch«  l?£l  NSF  authorization,  and  have  been  supported  by  the 
ntj^ccommendations  o(  subse<iuent  advisory  groups,  such  as  the  Ccmmittee  on 
Equal  Opportunities  m  Science  and  Teclinology.  V'hat  plans  <fo  you  have  to 
implement  these  recommendations  in  subsequent  budgets? 

ANSUtERi  The  Director  is  working  with  the  Commntee  on  Equal  Opportijnities  in 
Saence  <iftJ  Technoiogy  to  review  existing  minority  and  aomen^  programs. 
Where  appropriate,  increased  funding  or  new  activities  will  be  recom- 
mended to  provide  additional  and/or  strengthened  opporcunuies  for  minori- 
ties and  women  in  science  and  technology, 

QO£STION:  ^  The  NSF  Visitmg  Prof ess^>r Ships  for  Women  in  Science  and  Engineering  Is 
entering  it$  second  year.  The  first  J^ear  ^ss  highly  successful,  with  well 
Over  lOD  highly  qualified  applicants,  despite  the  very  short  application 
period.  Mu(%  of  the  success  of  the  program  to  date  ha$  been  due  to  the 
eJ(ceilent  adMwiiStraCion  of  the  program  by  the  program  coor<Jinator  during 
lis  first  year.  Since  the  program  requit^es  that  an  applicant  find  a 
university  where  she  can  visits  which  can  provide  both  the  research  and  the 
opportunities  Tor  teaching  and  involvement  with  students  which  are  part  of  , 
the  program^  it  is  mors  compJicated  to  administer  than  the  usual  grant 
program^  and  requires  specialized  knowledge  of  the  needs  of  ntromen  tn 
sctence  and  e?(pcrtence  with  this  tvpe  of  program. 

In  view  of  these  considerations>  tSe  proposal  to  decentralize  the  admini- 
straT./3n  of  this  pr^ram  among  the  various  research  directorates  raises  a 
number  of  questions* 

[)  How  many  program  managers  are  going  to  be  involved  in  handling  the 
program''  In  view  of  the  small  amount  oi  money  available  for  this  < 
program,  isn't  distributi.iig  it  over  the  directorates  bourtd  to  resuit  in 
the  program  managers  respor^sible  having  virtu^Ily^no  experience  with 
It?  If  each  of  a  number  of  program  managers  is  responsible  for  one  ' 
or  two  awards^  at  most  (which  vrould  seem  to  he  implied  by 
distribution^  how  are  tUcy  all  gping  to  be  trained?  How  are  common 
standards  going  to  be  maintained  in  the  administration  of  ihe 
program?  What  kind  of  tracking  will  be  done  to  insure  that  the  award 
process  confonris  to  the  program  specifications?  How  much  will  this 
process  increase  'he  ovc  ^ea<J  costs  associated  with  the  program? 
(On  the  face  o(  it,  £0  rr^uch  duplication  of  administratl<»i  over  so  few 
«  awards  would  appear  very  inefficient;  either  the  quality  of  the 

administration  is  going  to  be  allowed  to  decrease^  or  the  costs-  will 
have  to  increase  greatly^  It  would  appear).. 

2)     If  these  assumptions  about  multiple  program  managers  are  not 
correct,  than  whac  does  distributing  the  program  over  (he  director- 
ates mean?  Who  wiJl  be  in  charge,  and  what  Mnd  Pi  authority  will 
^  they  have? 
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3)  NSF  'St  present  devMCS  only  a  sroali  portion  of  us  research  money  to 
supp^yung  research  by  women  scientists  CC4;rrent  estimates  are  that 
about  1  \%  of  awards  go  to  uvomen;  u  is  Jikely  that  the  <*oHaf  amounts 
going  to  women  are  substantially  Le^  than  thLS.)  ts  there  not  ?  danger 
that  it  thLS  pfOgfafn  is  added as  P^f^  of  the  regular  grant  program, 
the  program  managers-  will  vi^w  this  as  "the  money  for  women"^  and 
<JeCfeaie  even  further  the  amount  of  support  for  wcmen  scientists? 
(At  present,  sjnce  U  is  handled  as  a  separate  progfain  w^ith  special 
features,  Lt  is  not  viewed  as  a  replacement  for  support  of  won.en 
under  the  usual  grants  process*) 

ASSttE-Ri  The  details  of  the  proposed  distribouon  ol  management  responsibility  for 
«the  ViSiting  Professorships  for  Women  program  as  for  the  others  affectedi 
have  not  yet  been  determuied.  However  it  seems  hkeiy  that  for  FV  l^SO- 
the  program  milII  be  admimstered  much  as  in  FV  19Z2.  That  itt  the 
prograri.  officer  Ln  STIA  wjLL  r^cei^e  proposals^  orange  reviews  (with  t^e 
assistai  ce  ol  research  program  officers),  ^nd  recommend  fLnat  disposition 
of  proposals.  The  $0,^M  from  the  research  directorates  projected  to  be 
spent  on  \PW  will  be  combined  with  STIA*s  %i.Q\{  and  admimstered  ai^ 
whole. 

Durmg  this  transition  year  the  STIA  pf^gram  officer  %  .i  work  closely  t^^ith 
research  program  officers  in  planning  for  FY  I9S5.  For  I9S5  it  is 
anticipated  that  d^ision  respon&Lbihty  wiU  be  shared  by  the  research 
directorates  ^nd  the  STIA  program  officer  ^^ho  will  serve  as  a  resource  and 
;^  provide  Overall  coordination  in  tertns  of  :rack*ng  expenditures  and  answer- 
ing inquiries. 

It  IS  envisionec^ that  lunds  wilt  be  detmeajed  specifically  lor  Vpw  activi- 
ties. Directorates  wovjld  be  expected  to  continue  to  consider  individual 
research  support  grants  they  do  now  and  thereby  should  show  an  increase 
in  support  for  women,  not  a  decrease. 

QUESnoNi  The  perception  in  tnany  q^jarters  is  that  Reagan  Admin*  strati  on  jS  hostile  to 
efforts  to  increase  the  uuUzation  of  the  talents  of  women  In  non- 
traditionat  professional  areas  such  as  science  and  engineering*  The 
systematic  efforts  to  ehminate  any  tunding  for  projects  th^t  would 
contribute  to  increasing  the  educational  opportunities  for  girls  and  yOung 
wo^en  in  mathematics  and  saence  at  the  Department  of  Education  has 
contributed  to  this  pubUc  perception.  NSFt  which  use^J  to  support  research 
which  has  been  important  in  developing  methods  to  increase  the  mathema^ 
tical  and  science  skills  of  young  women  through  programs  n  the  science 
education  directorate,  no  longer  suppofU  such  research.  Thus^  there  has 
been  a  virti^al  elimination  of  federal  support  for  the  research  and  develop^ 
ment  efforts  needed  if  more  women  are  going  to  receive  the  early 
education  needed  so  that  rhey  can  consider  careers  In  sdence  and 
Engineering.  In  vie\v  of  these  considerations:  ^ 

1)  Has  NSF  surveyed  the  impact  of  this  very  substantial  decrease  in 
funding  on  educational  needs  in  this  area,  especially  as  they  affect 
women? 
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2)  II  soi  "i/h&x  conclusions  have  yog  come  toi  and  what  arc  your  plans 
for  dealing  vvtth  needs  which  are  domu  uttmet?  1£  such  a  study  has  not 
been  donei  ^l/hat  have  you  done  to  meet  NSF's  responsibilities  tow^ds 
developing  the  scientific  human  feswjrce  base^  where  v/oip^rfs 
talents,  and  those  of  minontieSr  are  currently  the  largest  under- 
vuUzii  talent  pool? 

3)  What  specific  pfoposals  does  "^SF  pian  in  its  current  initiatives  if>  the 
^        pre^college  area  to  improve  educational  opportunities  for  girls  in 

science  and  mathematics?  , 

ANSwCR:  ,NSF  has  not  conducted  any  surveys  of  recent  fundir>g  patterns  for  the 
'support  of  educatiOfial  programs  in  saence  for  women^.  V!^  have  continued 
the  Graduate  FeU<>*ship  Program,  the  Visiting  Professorships  for  womeni 
the  Minority  Research  Initiatjoc  Program  and  the  Research  Improvement  in 
Minority  Institutions  Programst  all  of  ^ich  are  spectficalty  aimed  ^t 
developing  the  scientific  human  resokjrce  base,  We  have  also  expanded  the 
support  for  graduate  students  and  postdoctorals  on  research  grants.   ^  ^  , 

Our  pf^college  activities  for  FY  19S3  and  FY  \^Zt^  are  still  in  the 
formulation  stages.  Whatever  plan  is  finally  adapted  wilt  be  sensitive^  to 
the  extcr>t  appropriate,  to  the  special  needs  all  the  segfnents  oi  tli« 
precolkge  science  student  population. 

QUESTION:  The  perception  that  the  Re^n  adfTi^ni  strati  on  is  hostile  to  the  utilization 
of  the  talents  of  women  in  ^ence  and  engineering  is  likely  to  have  been 
strongly  reinforced  within  the  scientific  community  by  recent  events  at 
NSFp  especially  by  the  forced  resignation  of  Dr.  Cloise  Clartt*  the  only 
wo:nan  Assistant  Director.  If  it  is  not,  irv  fact^  the  policy  of  this 
administration^  as  currently  implemented  at  NSF,  to  perpetuate  barriers  to 
the  partiapatiort  of  women  in  science*  what  steps  is  HSF  taking  to  indicate 
to  the  scientific  community  that  its  intentions  are  not  wliat  they  appear  to 
^  be?  Why  was  suCh  an  unnecessary  signal  sent  m  the  first  place  if  the 
current  administration  is  not,  at  best,  indifferent  to  the  question  of 
effectiCt  utilization  of  women  in  science? 

ANSwERt  Dr^.  Clarkf  the  Assistant  Director  for  BiOlogicah  Behavioral  and  Social 
Saences»  litte  the  Assistant  Directors  for  Astronomicali  Atmospheric, 
Earthy  and  Ocean  Sciences,  and  Mathematical  and  Physical  Sciences*  and 
the  Dep\ity  Director  of  the  NSF,  is  a  Presidential  appointee  serving  at  the 
pleasure  of  the  chief  executive.  Consonant  with  the  decision  lo  establish  a 
new  management  team  ^  the  Foundation^  all  t^e  Incumbents  of  the 
aforementioned  positions  were  asked  to  step  aside^.  The  Director  and  the 
NationaJ  Science  Board  are  making  every  effort  to  include  highly  qualified 
men  and  women  as  candi<Jates  for  the  President  to  consider  in  filling  these 
jobs. 


Discussion  of  E^ofiosed  Management  Plan  ^ 

Many  o(  the  questions  ni^hich  folio*  ce'^r  around  the  managemeat  system  proposed  by 
the  Director  of  the  National  ScierK;e  Foundation  ^n  a  memorandum  dated  January  12, 
1933t  to  the  NSF  Executive  Council,  A  few  general  comments  about  the  proposal  are 
provided  here  to  place  both  the<3U<^tions  and  answers  in  context. 
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T^ie  pct>pc5Jl  dTOc;»6t<J  in  the  Jdnudcy  12  mepno  distributed  to  serve  as  the  basis  for 
diSCki&sions  amoj^g  the  5^u\^r  man^jgenierit  staff  of  the  Founddtion^  It  ^^i^  rtot  mtended  as 
a  final" document.  '  ^ 

Af>  ufiportdfit  point  t^?  be  noted  *s  that  ^h^t  *s  proposed  here  is  ar*  examination  of  the 
distribution  of  miiiMjgemcnt  'espisrysihihty  for  severaJ  of  tne  Foimdatior^'s  activities.  A,, 
reorganization  is  not  proposed  ^n4  the  Direi.tor  in  March  lOt  statemerti  before 
the  Hot^se  Subcommittee  on  Scier^ce*  Research  ^nd  Technology  s^i  d,  "(  project  that  no 
orgdmzat«^a^  changes  w^i^l  be  required  in  the  Fouridation  to  accommodate  these  shifts  m 
fcsponsituhbes."  There  i^iay  be  svine  Jtfnted  number  of  in<livi<JuaJ  personnel  adjustments 
but  these  «notttd*be  at  a  minlmtim. 

it  lat  toe  early  to  judge  exactly  hovr  aJ  ;>rogra[ns  ^rtd  activities  hill  be  affected*  Many 
details  need  to  be  thoroughly  discussed  atid  alternatives  explored.  The  Director  has 
assigned  rei^ponsihility  fgr  developing  an  iinplementation  propotsal  to  the  Assistant 
Directors  operating  as  a  gro^.  They  are  now^  involved  iO  that  endeavor. 

Xtte  proposals  for  shifting  managetnent  responsibility  are  offered  vt^xh  the  goal  of  setting , 
iri  place  th^i  n).anagement  Systein  vluch  will  allow  the  National  Science  Fgundati'on  fo 
i  jlly  reahze  the  opportunities  represented  in  our  budget  request. 

'OljCsr[0\.  tthat  v,ti\  be  the  precise  role  of  STIA  program  managers  for  the  programs 
proposed  to  be  shifted  now  that  research  directorate  personnel  are  to  be 
g»ve*t  **sole"  responsibility  for  t^^eiving,  cvaloat*ngt  and  decisjonmaKjng  on 
all  proposals.**"  according  to  the  wording  of  the  Director^  Jantjary  12 
memo? 


QUE5TlO^;^ 
QttSTlON; 


The  precise  roles  vf  5T(A  aftd  research  directorate  program  managers  have 
yet  to  be  determined  ifj^ny  detail.  It  li  hkeiy  that  the  distnbution  of 
management  resi>onsibimTy  vvitl  vary  from  program  to  program*  '  The 
steering  group  appointed  by  the  Director  ^lU  examine  alternatives  and 
recommend  ^n  ;ippropriate  distribution  of  responsibility  for  each  area* 

Will  the  STIA  personnel  level  be  cut  back  as  ^  result  of  the  new 
management  scheme? 

It  *s.too  early  to  speculate  on  the  personnel  consequences  of  any  shift  in 
tnanai|emem  responsibility  which  might  be  adopted  after  studying  the 
various  options  and  their  Implications. 

How  cjn  STIA  coordinate  these  programs  A  it  no  longer  has  responsibility 
lor  funding,  priority- set  ting  and  evaluation? 

There  are  many  types  of  "coordination"  possible.  These  different  modes 
are  part  ^f  the  Overall  discussions  on  distribution  of  management  responsi- 
bilit  y-  One  of  the  <jef  init*ons  of  coordinate  is  to  "cau^e  to  icx  together  in  a 
smooth  concerted  way*"  This  would  be  One  of  the  criteria  used  in  choosing 
apfiropriate  coordination  mechanisms  for  the  activities  in  question. 

Common- sense  that  personnel  ^vill  have  to  be  added  to  the  research 
directorates  to  enable  them  to  fulfill  their  new  responsibilities  for  program 
management  for  the  proposed  shifted  "special  programs."  But  the  respon- 
sibilities of  the  STIA  personnel  will  be  cut  bad<,  merely  to  coordination.. 
Does  not  this  reorganiiati^nt  in  effect,  mean  having  to  add  another  layer 
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ANSVt'ER: 


of  pofsof>f>d  and  red  ijpt  to  projyam  maf>agemef>t  for  these  former  STIA 
"Speciai  programs." 

We  corUmiy  hope  not.  Althoctgh  w  4S  too  oaJy  to  bo  speciiic*  ovOEy  ollort 
Will  be  made  w  adopt  the  most  eliiaer^t  and  appropriate  mectUimsm  lor 
coordination* 


QUESTtOM:  At  one  pomt  in  hjs  January  IZ^memOr  the  Direct9r  says  that  peer  revtews 
and  fundirig  decisions  will  be  made  on  the  basis  of  the  appropriateness  of 
the  Case  involved.  Doesn't  this  mean  that  the  research  dtreCtoratos  will  be 
using  the  same  kind  of  procedures  STIA  used  to  evaluate,  and  funds  these 
programs?  If  soi  what  are  the  merit  of  shj^ting  these  "special  programs"  to 
the  research  directorates? 

ANSVlER:  J^he  issue  here  if  not  one  of  procedgre  since  these  are  both  standard 
throughout  the  Foundation*  yet  IlewtuJe  enough  to  allow  "appropriateness** 
for  indi  .dual  cases.  The  merifof  the  proposed  shift  is  to  ensure  both  that 
the  quality  of  saence  research  supported  4S  of  the  highest  quality  possible 
and  that  a  hohstic  approach  is  tiken  by  program  managers  in  thdir  sxjpDort 
of  projects.  These  Changes  are  intended  to  enhance  the  incorporation  jrf  - 
concern  about  and  planning  for  ^omen*  minorities!  and  iftternatie:ial 
activities  into  all  the  Foundation's  Programs  and  to  further  the  goals  of 
broadening  the  attefttioo  of  the  eatire  Foundation  to  the  overall  health  of 
science  af>d  technology. 

Svme  of  the  programs  to  bo  shifted  have  w^t  received  enthusiastic  support 
from  the  Nationai  Science  board  in  the  past  since  the  Board  has  announced! 
more  than  once,^  that  N5F*s  fundamental  emission  is  the  support  of  basi^ 
research  and  gra<Juate  educaticnK  ^'cn't  these  "special  programs"  just  get 
lost  in  the  shuffle  once  they  are  decentrahzed? 

No.  On  the  contrary,  it  iS  envisioned  that  thev  uould  become  an  integral 
part  ol  all  program  officer^'  responsibilltlesr 

The  Director  in  Jar).  1 2  memo  c«lied  the  programs  to  be  shifted  "special 
programSf**  Aren't  the>  special  in  the  s^nse  t^t  some  ol  ^^^^  serve  equity 
purposes  and  are  Compensatory  in  nature,  far  irom  the  mainstream,  of 
NSP's  goals.  How  these  programs  be  able  to  compete  e<]ually  with 
proposals  for  research  in  the  research  directorates? 

These  programs  h^ve  perhaps  been  seen  by  some  in  the  past  as  compen*^ 
satory  vf  serving'  equity  purposes.  They  are  notf  ar^d  should  not  he 
perceived  as  '*far  Irom  the  mainstream  of  N5Ps  goals.'*  Removal  of  this 
perception  is  a  driving  force  in  proposing  a  change  jd  the  distribution  of 
man^ement  responsibiUty  tn  the  Foundation. 

Interaction  with  program  officers  and  increased  familiarity  with  Founda. 
tion  procedures  is  intended  to  remove  the  barnersi  perceived  or  reah  to 
competition  for  funding  in  the  research  directorates*. 

QUESTION:  In  his  memo  o£  Jarv  12i  the  Director  said  that  shifting  these  special 
programs  to  the  research  directorates  would  broaden  the  horizons  for 
them*.  How  will  this  shift  effect  such  a  goar  won*t  research  directorate 
personnel  gjve  rr^re  attention  w  the  support  of  basic  research  with  loss 
attention  'o  these  special  concerns?  * 


QLESTfO  J. 

ANSilERi 
QUESTION: 

ANSWER. 
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■  ANSWER: 


4- 

QUESTION: 

QUESTlONt 
QUE57!0^: 


It  Chvi^ioriCd  tiMt  program  m^rxa^^cr;  t>c  re^pcn^^ble  for  the  v^hole 
range  ol  needs  ^nd  i$^u<s  which  bear  on  the  Kealth  of  $cit>r>ce  ^nd 
technology  as  represented  in  thei^  partKdar  disapltne.  The  activities 
bemg  proposed  for  shift  arejfrasiL  research  activities  and  wjJ!  be  part  of  the 
spectrum  of  ba$tc  research  supported  through  &  given  program. 

The  FY  NSF  tnjtJget  justification  to  the  Congers  <p.20)  jndicates  that 
research  dif«cioratef  v^iJt  t>e  S^ven  complete  fitnd:ing  authonty  over  6 
programs  former^/  handled  t>y  STIA  and  some  funt^irtg  authority  over  2 
other  programs,  rlv^  total  amount  of  funding  lo  be  s^lfte<I  constitutes 
52S,1  mUl'^t.  If  the  research  tiirector^tes  do.not  find  proposals  to  be  of 
acceptable  ^ualityi  the  researUi  directorates  automatically  spend  the 
fornier  S7IA  fur^dj  fof  research? 

Three  of  the  six  programs  to  .which  rt^ference  is  made  are  new  and  are 
being  established  as  jomtJy  managed.  They  are  not  'Iprogrjjns  Jcrmerly 
handled  by  STIAJ'  These  are  the  U.S.  India  Joint  Program  ($2.0M),  the 
Presidential  Voung  Investigators  Research  Ai^ards  CSfi.OMJ,  and  the  Under* 
gradoa*e  Coiiege  Resenrch  Support  program  (SXOM).  The  other  Jhrej:, 
(E^cpcrtmemal  Program  to  Stimulate  Competitive  Research  ($2.?M),  msF 
Planiring  and  Evaluation  (S^-OM),  and  the  Waterman  Ai>ard  (S0.2M)  are 
sh&wn  in  STIA  for  display  convefnence  and  wjU  be  administered  before 
with  STIA  provi<fang  accountmg  support  afid  coordination  across  the  Foun* 
datLon  as  req^ured.  These  programs  are  all  research  programs  for  which  It 
iS  anticipated  that  meritorious  requests  will  exceed*  the  number  which 
funding  levels  will  accominodate. 

In  the  pafit  STIA  has  not  been  considered  one  of  <he  strong^^st  msF 
directorates,  and  today  its  proP:>sed  budget  million  constitutes 

only  y*>  of  the  toed  request  for  research  and  related  activities.*  How  does 
NSF  expect  such  a  weak  ^J^rectorate  STJA  ^  sAA^  to  t^;oordlnate!'' 
programs  whose  responsibihty  is  bemg  shifted  to  the  research,  direct  orates? 

T^(^  e^cact  distribution  of  management  responsibiUty  is  expected  to  vary 
i  <m  program  to  program.  The  different  fijssibJe  arrangements  form  the 
core  oi  the  current  discussions.  The  arrangement*  chosen  ior  individual 
programs  will  bvJild  on  the  strengths  of  both  STIA  and  the  research 
directorates  m  order  to  assure  the  most  appropriate  dlstribucioo  in  each 
case. 

how  much  in  funding  wiU  support  for  basic  s^.ience  suffer  or  gain  from  the 
proposed  reorganization?  ,  *^  ^ 

The  proposed  shtf  t  of  man^ement  responsibility  uriU  have  ro  impact  on  the 
support  for  basic  research  proposed  in  the  FY        budget  request. 

Js  It  not  true  that  these  so-called  "special  programs"  were  put  in  STIA  m 
the  ftrst  place  because  they  are  so  different  from  programs  for  the  support 
of  baste  and  apphed  researclf  that  they  could  not  compete  with  such 
programs  on  an  equal  basis? 

It  hns  certainly  been  a  perception  that  the  programs  designed  for  special 
groups  are  "different**  from  the'Veguler  research  progrartts  of  the  Founda- 
tion,       pian  to  e;tplore  alternatives  to  this  separateness  and  to  choose 


ERIC 


679 


4 


the  Wffimiitional  ^fangemOf^t  whiCh  iUows"  the  ToufidatiOf*  to  r^ost  . 
cIlcctLvcIy  Qixity  out  jts  respomLbihue^  for  the  Overall  heaJth  of  science. 

,  QUESTION:  Some  obse;vers  ^Ue^e  that  the  past*  lundmg  eroded  for  *«rtain  NSF 
programs  that  were  onc^  in  separate  units^  onte  the  program^^  a<fminLStra- 
tipn  fbdS  Jecentrili^ed  and  lundmg  spread  ov*r  several  direq^or^itcs.  Dj<Jrft 
this  happen  v^lth  appUeJ  research*  which  <?r.ce  was  m  a  separate  directo- 
rate? What  dbes  this  ^mpJy  tor  the  future  identity  ol  the  separate  "special 
programs'*  in  5TIA  proposed  to  b«  shilted? 

ANSft  £R;  F\jndin^lOT  apPhed  research  proposals  ha*  b^er*  f^ly  integrated  throughout 
the  research  directorates  ol  the  Foundation*  A  traclting  system  has  beeii 
-,put  m  place  and  expenditures  caii  be  tracked  propos 5 t-by -proposal  and 
di  rector  ate- by -<J^rectorate,  In  FY  ^?£2  more  than  $5^  mUUon  wa^  provided 
tor  the  SL^port  appL^  research  activities.  There  were  sigpilicant 
numbers  of  projects  and  expenditures  in  ail  of  the  research  directorates. 
This  implies  that  relocating  management  responsibility  for^^special 
programs'*  is  feasible  wHhout  loss  of  identjty  and  integrity. 

QUESTION.  Many  of  the  programs  proposed  to  be  shifted  from  STIA  into  ftie  research 
directorates  appear  to  have  been  co^igressioruUy^nitiated.  NSF  did  not 
mjtiate  most  of  these,  the  Board  appears  to  have  considered  them 
tangential  to  the  NSF  mjssionst  and  the  Congress  has  ofien  raised  funding 
for  them  above  the  level  reqttested.  fs  the  intent  of  decentralizing  these 
prograifJ^  to  see  th^t  they  dis appear -^1  ike  tje  RANt^  program  did? 

4 

A>4S^ER:  &y  dis^tr^buttng  management  responsibdUty  for  these  jctivitjest  their  pre- 
sent compartmentalj^jtion  would  be  ended*  thus  ensunn^that  tt^ey  are  not 
percewed  as  tangential  to  NSF  missions.  Rather  thao  cfisappearing,  it  js 
envjsioned  that  they  would  becorre  aa  integfai  part  the  ^ntjre  spectrum 
of  research  support  for  which  progr'^m  officers  are  responsible, 

QUESTION:  Because  the  programs  to  be  shifted  vCere  coogressionally  lOitiat^d,  and 
has  kept  funding  very  low  for  them*  the  Congress  has  often  set  floors 
on  funding  for  the.rprograms  to  jnsure  rheir  mamt^nancei  for  Instance 
saence  e^ltjcatjonj  some  programs  ioi  women  and  minorjtiesj  etc.  How  can 
Congress  set  floors  on  these  programs  and  insure  oversight  of  them  If 
funding  is  to  be  dispersed  throughout  several  different  research 
directorates''  r 

AMSll£Jl:  If  t'he  Congress  feels  jt  necessary  to  set  floors  on  programs,  it  iS' the 
responsibility  of  the  National  Saence  Foundation  to  meet  them  and  it  will 
<te  so. 

QUE-STIONi  Vtbat  role  did  the  National  Science  Board  play  in  developing  this  new 
management  philosophy  and  reorganization  plan?  * 

AnShER:  The  Director  has  discussed  this  pr<:i?ose<J  shift  in  the  distribution  of 
management  with  not  ooly  tho  Nauonal  Science  Board*  but  also  the  Offke 
of  Science  and  Technology  Policy>  the  Office  of  Management  and  Budget^ 
three  previous  NSF  Directors*  the  Chairperson  of  the  NSF  Committee  on 
Equai  Opportoiities  in  $cicnce  Techi^ology,  the  Women's  Subcommittee 
ol  that  Committee^  the  Steering  Committee  of  the  Director's  Advisory 
Coyncilp  and  with  the  Assistant  Directors  of  thi  Foundatioi. 
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QUESTION; 

QUESTION. 
* 


Jg^t  huiF  jiiu^,h  m^e  x\M  proposed  reorganization  cost  NSF  in  terms  of 
adJitionftl  personnel  and  other  costs? 


QUESTION; 
ANSIS  ERi 
QUESTION. 


It  IS  premature' at^thLS  time  to  speculate  on  ^lAi^  effects^  if  any^  this 
proposed  shift  in  th^'diStr^tton  of  niooagement  responsibility  wiU^have  on 
personihel  or  other  costs. 

,  The  pjrector  said  in  his  Dan*  13  memo  'hat  the  programs  to  b^  shifted 
^typic5*lly  *have  not  had  the  resources  to  havj^  an  apprecubl compact.'" 
Don't  others  believe  that  these  programs  have,  indeedi  had  benefits?  How 
wiil  shifting  the  programs  to  the  research  directp rates  increase  their 
resource^''  tt  seems  thai  just  the  opposite  will  occur? 

UnqtjestionabJyi  there  hz^z  been  po&iti^/c  benefits  from  those  programs. 
-The  time  has  come,  however,  tu  consider  new  ways  of  managing  thetn  and 
of  integrating  them  n^ore  effectively  into  Foundation  research  activities. 
To  put  th<fn  in  separate  budgetary  and  organisational  pockets  is  to  thin^  of, 
them  and  treat  thecn  5eparat«l^  -  as  if  they  were  not  a  legitimate,  central 
concern  of  the  Foundation*  Some  program  officers  have  paid  little 
attention  to  them;  hence,  the  targeted  groups  do  not  learn  to  deal  with  the 
disciplinary  program  officers*  As  one  might  expect,  under  soch  clroim*" 
$tancesr  it  js  unlikely  that  research  resources  will  increase  above  the 
targeted  amounts* 

p.  '  -  ■ 

A  first  step  in  eliminating  th:s  "separateness"  will  be  to  blend  these 
programs  into  the  disciplinary  research  activities.!©  that  program  officers 
will  have  to  consioer  them  as  part  of  their  primary  responsibility.  By 
inier'^tinf  with  program  officers,  these  targeted  groups  wiUJearn  more 
about  their  expectations  and  the  expectations  of  the  research  communities 
they  represent.  This  will  certaiQly  give  them  access  to  a  much  more 
substantial  support  base^ 

According  to  the  Dan*  \2  memoi  both  funding  responsibilities  and  the 
determination  of  priorities  £or  the  forme:  STIA  '^special  program;^"  will  be 
shifted  from  STtA  per'ionnel  to  the  research  du'ectorates*  Yet  STIA 
personnel  will  regain  «resp^nsit¥lity  for  coordination.  Kow  can  STIA 
programs  provide  elWtive  coordination  and  oversight  £pr  programs  whose 
funds  they  do  not  conu^  and  priorities  they  do  not  set? 

The  exact  nature  of  the  ccordinaVon  functions  to  ""e  distributed  between 
ST(A  and  thf  research  djrectoratj^  has  yet  to  be  determined.  Hovvever, 
the  role  of  the  STIA  staff  will^c  significant,  particularly  in  thj  inter* 
national  ar-ea.  The  leadership  they  provide  will  be  key  in  allowing  the 
Foundation  to  fulfill  its  commitments  under  bilateral  and  other 
agireem^ents. 

\{  this  reorganisation  means  that  some  bilateral  and  multilateral  inter- 
national scienc^  programs  will  be  cuti  whi^h  ones  will  be  cut  first? 

Vt'hile  It  iS  I  :  nature  to  speculate  on  atl  of  }he  future  impacts  which  the 
proposed  f^di  in  management  responsibility  might  havCi  there  Is  oo  a  priori 
reason  to  believe  that  whatever  arrangement  is  chosen  will  result  in 
reductions  or  cuts  in  bilateral  and  multilateral  science  programs. 
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QUESTlONt  tn  the*  Sept.  [9Z2  ititemeot  on  imernatiooal  science*  the  Board  recom- 
mended that  "the  Director  .oi  the  Poundauon  must  play  a  sigOLficam  role^ 
,  in  cojiaborottoo  wjth  tfie  Dept.  of  State  and  the  £x^ut)ve?Di£jce  of  the 
Presidetic,  jn  the  deveLopmenc  anu  implententation  oi  ''the  International 
sctence  poUcy  of  the  Umted  States*"  Doesn't  the  decentralized  rcorgdfu.  ^ 
zatLon  proposal  give  the  Director  le^s,  rathef*than  more^  control  over 
/  international  science?  If  noti  elaborate  on  how  the  Director  gains  more 

".  control. 

ANSWER:       Whatever  fjnd  deciSiofis  ^re  made  kVith  regard  to  the  distribution  of 
management  responsibility  ioc  the  jnternational  actWities  of  the  Poun^ 
/  tjon,  Lt  wJ^i  not  change  the  Director's  ability  or  responsibility  to  exercise 

^appropriate  executive  control  of  these  activities. 

QUE:>TfONi  In  a  Sept.  19S2  policy  statement  on  the  need  to  incrc^e  NSr  international 
science  tciponsibiUtiesi  the  National  Science  Board  iiid.*'The  Toimdationi 
by  virtue  of  its  fundamental  and  broad-based  scientific  program^  shotAd 
take  the  inittativer  in  cooperation  with  the  Departrc^nt  of  State  and  other 
agencies  as  appropriate,  to  bring  together. potential  international  partners 
to  accomplish  too  neceuary  piar>mng  and  implementation  iof  internatia'^l 
sharmg  or  collaboration  in  fundamental  scienc<^  and  engineering  research'**^ 
However,  there  is  a  natural  tende^y  in  the  researdh  directorate*  to 
support  domestic  science  over  Jnternatiotal  science.  Doesn't  the  shift  of 
international  responsibilities  to  the  research  directorates,  therelore,  imply 
that  such^programs  will  be  mtrtimized  \ti  favor  of  domestic  sciencei  thus 
achieving  {he^opposite  of  the  NSa  pohcy? 

Just  how^ill  SMch  a  decentralization  enhance  NSF  international  responsi- 
bilities (Compatible  with  the  NS&  policy  statement  and  ^so  allow  the 
maint<^nance  of  contfnuity  and  tat^xlt^  of  all  U.S.  interna:lonal 
commitments? 

ANSVl'ER: 

o      It  should  be  no^ed  that  cur  rent     there  is  significant  support  or 
Iniernatton^^l  science  outside  of  the  jTIA/INT  activities.  Tunds  are 
provided  for  scientific  visits  and  research  activities  through  SRPS 
(        grants,  international  scier\ti£ic  nneetlngs  are  supported,  and  funds  are  * 
provtdted  lor  <he  use  of  experimerital  facilities  such  ^  CERN. 

.■^  o      The  shift  to  a  shared  responsibility  between  ST£A  and  the  research 

^  directorates  implies  that  the  kinds  of  research  supported  under 

international  agreements  will  be  more  clofejy^  jinked  with  the  Poun- 

datioft's  other  activities. 

0  The  Director  has  stated  that  the  implement  at  ion  ot  a  distributed 
ijianagemenc  responsibility  system  *Iil  not  Impede  the  Foundation 
from  fulfilling  its  commitments  under  bilateral  and  other  agree- 
ments.  * 

QUESTION:     on  p*  of  the  FY  i9Zu  NSF  justification,  it  is  indicated  that  more^ 

than  one-half  of  the  STIA  international  program  will  be  shihed  to  the 
research  directorates.  Which  programs  will  be  shifted  aniJ  which  vvill 
remain  with  $T£A?  What  criteria  are  to  be  used  to  shift  th<^5e  programs? 
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ANSWER;  STIA  will  coniinue  to  coordinate  and  manafje  the  Foundation's  brlater^J 
'  a^eemeats;  support  seminar^,  workshops,  saeritilic  viSitsi  and  facili- 
tate the  support  of  toopt.-ative  research  projects  v.'itliiri  NSF^.  These 
activities  ^re  budgeted  at  $5.0  miLhon  in  FY  19S^.  Th^  disci pline-oriented 
research  directorates  g^ill  manage  ttve  reseaich  project  proposals  included 
under  bilateral  agreements.  ,Jf^  FY  19Bii,  at  j^east  $5^900^000  will  be 
prodded  by  the  researcfi  activiue*  ot  the  Founda^icn  (or  internattpnal 
c^p^frative  research  projects. 

QUESTION:  Regarding  ^he  shifting  oi  international  cooperative,  progfartis*  how  can 
program  managers  in  the  research  directorate*!  *1k>  will  fund  imernational 
p^e^ams  and  lorcign  research  programs  be  expectod  to  know  as  mijch 
-about  foreign  science  and  rcsearcJi  capabilities  as  the  STJA  program 
manager*  whtfafft  in  constant  contact  with  foreign  science  communities? 
^  If  the  STlA  managers  are  to  transmit  inJormauon  to  the  research  directo- 
rate personnel  doc^n^t  this  }ust'add  a  layer  of  needless  red-tape? 

AN3\^  ER:  The  STlA  staff  *iil  maintain  yp-it>-<late  a*ar<:aess  of  international  science 
and  engineering  by  establishing  and  jnamtaimog  close  partnerships^  with 
progracft  officers  tn  the  IVesearch  directorates"  as  well  as  with  their 
Counterparts  in  other  countries.  Under  the  ProPosed  arrangements^  STlA 
fiaff  Will  also  be  expected  to  mamtain  current  awareness  of  international 
protocols*  applicable  taw;^  and  broad  U.S.  Governmcm  policie£&  ^^d^ 
pnt^rities  ^nd  to  keep  both  the  senior  irianagement  staff  anid  the  research 
program  olficers  fully  Informed. 

QUESTION;  The  Director  proposes  sbilting  funding  Iqx  many  international  science 
programs,  including  bilateral  programs  to  the  researc^n  directorates.  &jt  it 
IS  ^;i<Jety  ad<,nowiedged  that  the  United  States  conclude^  bilateral  agree- 
ments for  pohticat  bur^os(^$  and  that  the  science  embodiejd  oken  will  be 
poor.  The  Director^  proposes  that  the  research  (direct orates  be  giiven 
responsibility  for  "th6^  actual  handUn^t  j^valuation^  and  formal  decision- 
making on  ail 'Proposals  ^n^oUing  ipternaf^onal  science."  Yet  the  proposals 
for  cooperative  science  ^ill  never  compete  suc^ie^slUly  against  proposals 
,  for  domestic  research.  how  ^ill  we  be  able  to  meet  our  international 
commitments?  -    \^  '  , 

AE^Sts£E?^i  Meeting  our  international  coinmitmenfs  under  bilateral  agreeiTients  does 
not  depend  on  the  distribution  of  management  responsibility.  The  Director 
ha^  stated  fhat  we  wiU*meet  international  commitments  and  indeed  vve 
hope  to  oxpand  these  opportunities.  One  ol  the  important  jsutcomes  of 
distributing  responsibility  between  STlA  and  the  research  directorates  is 
that  programs  will  be  jointly^  designed.  This  y^^ll  enhan'fee  the  quality  of 
proposals  and  increase  their  competitiveness. 

QUESTION;  On  p.  ^  of  his  Jan.  12  memo  describing  the  reo|  gam  nation,  the  Director 
states  that,  in  the  futuret  research  directorate  personnel  i^ill  be  expected 
to  accompany  STlA  personnel  in  arranging  international  programs.  3ust 
how  much  inore  v^U  thi^  cost  N5F?  How  will  such^stravol  be  regulated  and 
M^ho  Will  acftu^Uy  represent  NSF7  ^^ho  witj  actually  travel  -  program 
manag<if5f  analyst*;  assistant  directofs'''' 

ANSitER:  .The  Director's  steering  group  of  Assistant  Directors  ^11  be  dealing  with 
operational  quc&tions  such  as  these  as  they  develop  the  detailed  impl  em  en- 
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tation  plan  Ic^  the  propos^ed  $hiU  jn  distribytiOA  <*i  mancigejTieat  respoasi- 
biUty.  It  t$  prem^itgre  to  try  to  aio^u^er  thc$«  questions  oi  dotaJ  before  the 
largeri  mor^  Comprehensive  issues  Have  been  resolved. 

QUESTION:  On  p.  k  oi  the  Jan.  12  memo,  the  Dire<;tor  commenting  oa  an  expected 
outcome  of  the  reotganiJJiinjn  in  t^e  mternationai  area,  says  "oLt  ol  these 
v^rto^s  activities  would  come  a  genumi;  interest  on  the  part  of  NSF  staii. 
and  s^fne  U.S.  ^c^enusts  to  participate  in  new  or  expanded  collaboration 
with  counterparts  in  the  bilateral  Coyntry,''  This  conclusion  seems  to 
overJook  the  history  and  reality  oi  years  of  mternotional  programs,  which 
are  ReneraJjjMCjiaracjeTiaec  by  poor  sciencSf  in  flrhicii^U.S.  scientists  do  not 

wish  to  collaborate.  Just  httvir  wUl  the  propoied  reorganijat7?Srt~Overconre'  

the  politics  and  reality  of  p.-evious  bilateral  cooperation? 

That  there  is  a  perception  that  the  research  supported  under  tnteroational 
agreements  has  not  bee^^  of  th^ highest  quality  is  evidence  that  there  Is  a 
scfious  need  to  reexamine  the  irt  which  we  cfo  busmess  in  ihis  area.  It 
is  expecte<J  that  whatever  the  precise  distribution  of  manageTient  respon- 
sibility which  results  Jor  191^,  joint  planning  by  and  closer  Cooperatij^p - 
between  Sl\/\  and  the  res e^^^irect orates  can  (ea<J  to  a  higher  quality  of, 
science  project  $\ipport  and^'^^  the  future,  to  an  enhanced  degree  of 
collaboration  between  U.  S.  andioreign  scientists*  N 

Jjst  ^low  will  the  proposed  m^utagement  shift  enhance' MSF  proems  tor  - 
w^Tien  Since  these  programs  are  now  judged  accor<fin^  to  special  ^c^ter]a 
jnd  obvivJil/  candidates^  will  not  compete  successfully  against  mo^t  male 
candidates? 

ANSit'HR:       Severaf  points  are  important  here:  * 

\)     The  pritKipal  review  crneria  which  are  use<J  in  the  research  directo-  j 
rates  ^re  also  used  in  the  Visiting  Professorships  for  Womei  (VPW) 
program  "*  quality  oi  the  proposed  research  and  research  qualifica- 
tions of  the  principal  investigator.  T*;ese  same  criteria  are  also  u^^ed 
in  the  other  ^'special  programs." 

2)  Jn  the  vpw  program,  approximately  39%  oi  the  proposals  had  average** 
"    reviewer  ranngs  of  ^'excellent"  to  "very  good*'  (or  5.0  to  t*jG  on  a  5 

point  scale  with  5  as  the  highest  rating)*  For  the  Foundation  a$  a 
whole,  26%  of  the  proposals  are  found  \n  this  same  category. 

3)  In  the  research  directorates^  the  elfect  on  decisiSo  of  investigators* 
sex  and  proposal  quality  as  judged  by  reviewer^  has  been  examined  by 
the  Office  of  Audit  and  Oversight.  The  results  of  their  analysis 
^hov'  :hAt  for  proposals  of  equal  quality*  the  effect  of  invt-iti- 
gators  sex  oh  success  ratio  is  not  signlticant* 

^)     Only  about  of  all  proposals  subm\tted  to  the  NSF  are  from 

womenr 

It  is  this  iast  Item  that  the  proposed  distribution  of  management  respon. 
sibihty  is  likely  to  affect,  tt  will  be  a  part  of  Ihe  responsibility  of  the 
research  directorate  program  officers  t^  encourage  the  sii>nussion  of  more 
proposals  from  women  and  to  bring  more  women  into  the  research  efforts 
of  the^NSF, 
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QUESTIONi  SoTTie  ot  t]>e  programs  to  be  shifted  were  congressit?naJ[y  mahdated  and  are 
compensatory  in  nature,  such  undergraduate  college  research  support, 
vtsjting  professorships  for  vu^meni  eitpertmcntat  program  to  stimulate 
competitive  research  (to  insure  geographic  distribution)-  Obviously,  pro* 
po^ais  for  these  programs  cannot  be  lu^ed  along  side  non-compensatory  or 
non-e<imty  programs.  What  assurance  can  you  give  that  support  for 
nurturing  and  funding  these  programs  will  be  maintained'^ 

ANSkvER:  There  seems  to  be  a  misperceptiOA  of  the  basis  for  judging  proposals  for 
the  so-called  "special  program**'.  In  each  case,  the  quality  of  the  research 
proposed  and  the  research  qualifications  of  the  principal  investigator  are 
overriding.  Sheltering,  or  separating^  such  programs  e^isures  that  a 
-minimum  amount  is  provided  for  them*  Often  there  are  many  mor^ 
mefjtcrious  proposals  than  lunds  available  will  allow.  When  separated  like 
thiSf  iher^  IS  no  incentive  for  monies  to  be  shifted  to  these' area^  to  allow 
funding  l^yond  the  minimtims.  'Under  the  Proposed  distribution  of  manage- 
ment responsibility  it  would  be  possible  that,  more  not  less  funding,  be 
provided  ior  these  activities.  Program  offices  will  be  e^tpected  to  pay_ 
attention  to  the  whol^  range  of^esearch  issues  in  t^^ir  discipline  ahd'lo' 
fond  the  very  best  ideas.  The  Director^has  charged  his  steering  group  to 
develop  a  tracking  system  so  that  we  will  be  able  to  determine  how  we  are 
doing  m  these  program  areas  so  that  mid^year  corrections  may  be  made  if 
necessary. 

QUESTION:  The  Director's  memo  to  the  Eicecutive  Council  of  Jan,  12,  outlinW  the  new 
management  philosophy  attributes  the  shift  in  part  to  the  fact  that 
programs  W4^i<ie  the  research  directorates  have  not  endured  or  are  not 
viewed  asgeWal  to  NSPs  mission.  However,  these  factors  would  seem  to 
be  the  major  reasons  not  to  decentralize  support.  The  programs  are  often 
probfem-ortented  (RANN,  support  for  women  and  minorities)  of  politically 
eicpedient  (many  btl^ateral  programs).  Does  N5F  really  eicpect  programs  of 
this  nature  which  are  so  tangential  to  the  fotidamentai  N5F  missions  (basic 
research  and  education)  to  cotnpete  successfdly  for  fuf>ding  In  the  research 
directorates? 

ANSftER:  That  the  perception  e^tists  that  the  ''special  programs*'  are  In  some  manner 
"tangentjai'^  to  the  fundamental  missions  of  N5F  Is  one  outstanding  reason 
for  highlighting  these  efforts  and  making  them  an  Integral  part  of  the 
responsibilities  of  all  of  the  Foundation.  These  activities  are  not  tangen- 
tial. They  are  research  and  education  activities  which  are  judged  by  the 
same  review  criteria  that  proposals  submitted  to  the  research  directorates 
are.  They  are  a  part  of  a  whole  range  of  scientific  issue  areas  that  must 
become  a  part  oi  each  program  officer's  cognizance  if  the  overall  health  of 
the  U.S.  science  is  to  be  served.. 

QUESTfON;  The  Director  statesi  that  the  present  management  system  Is  suboptimal 
bec:*u^  it  has  deemphasiied  the  educational  aspects  of  research,  in  favor 
of  procurensent  of  new  knowledge.  This  did  not  occur  In  the  last  three 
fiscal  years  (support  of  graduate  students  via  research  activities  increased 
from  to  10,^*2$,  etc.  in  FY  1984).   On  what  basis  does  does  the 

Director  make  the  statement  that  the  educational  aspects  of  research  have 
been  deentphasized? 
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Just  how  will  tiijs  reorganization  expand  or  g^vc  '^pfomjncnc  recognition,*' 
as  the  Director  re<iuests,  to  progrdms  for  supPut  of  graduate  students  via 
research  awards?  WiU  science  education  at  other  le^ets  be  given  promi- 
nence also? 

Just  how  will  be  proposed  management  shift  enhance  XSP  programs  for  the 
support  of  precol]«ge  saence  edocatjon'^ 

Which  science  education  programs  be  shifted  to  5he  research  directo-' 
rates? 

It  ^s  the  Director's  vie^u  that  in  the  pdst  r  education  and  research  have  often 
been  percejved  as  two  separate  entitiesr  w^th  their  interdepen<tence 

^minlmireA  In  the  FV  Vi%k  budget  presentation  w«  have  attempted  ro  show 
that  it  is  not  possible  to  have  a  healthy  enterprise  withouti  (!)  a  strong, 
hig^  quality  human  resource  gool  irom  whtch  to  draw  future  sckntific 
workers;  (2)  a  high  quality  total  educational  system}  arv"  *^  quality 
advanced  research  ins tru mentation*  These  three  factors  i<e  interrelated 
and  are  necessary  to  produce  a  strongi  \rital  research  effort.  The 
continuum  of  the  educational  base  extends  from  primary  and  secol^dary 

Schools,  through  undergra<bate  schools  and  on  to  post  doctoral  cxperi  ei^ces. 
As  students  experience  each  of  these  levels,  they  riiake  career  choices 
which  are  influenced  by  the  quality  of  the  faculty  and  the  teaching  chey 
encounter  along  the  way,  and  the  opportunities  they  have  be  a  part  of 
the  research  process* 

The  distribution  of  management  responsibility  wtlt  not  in  and  of  itself  gikve 
prominence  to  graduate  student  support*  Rather,  education  concerns  wjJl 
become  an  increased  part  of  the  responsibihti^  of  research  directorates* 
They  v^iil  be  expected  to  encourage  the  participation  of  undergra<&j3te 
faculty  in  their  research  areas  in  appropriate  ways* 

While  responsibility  for  precoilege  saence  and  mathematics  education  will 
continue  to  be  centrally  managedr  research  directorates  will  be  as(<ed  to 
play  a  more  prominent  role  in  planning  future  NSP  activities  in  this  area* 
Mo  programs  currently  located  in  the  Office  for  ScientJiic  arjd  Engineering 
Persom  J  and  Education  will  be  shifted  to  research  (ii rect orate s, 

On  0.  NSF-20  of  the  FY  1^34  >ustificationr  it  is  stated  that  NSP  planning 
and  evaluation  activities  will  be  Shifted  to  the  research  <firectorates*  How 
witi  NSr  overcome  the  readily  apparent  confhct  of  interest  that  will  result 
from  the  research  directorates  conducting  and  supporting  evaluation  acti- 
vities of  their  own  programs? 

NSP  evaluation  activities  are  conducted    several  modest 

1)  The  Office  of  Auijit  and  Oversight,  which  reports  directly  to  the 
Director  of  the  Foundationi  conducts  (or  contracts  for)  evaluations  of 
sel^ted  program  activities!  often  at  the  specific  reqt>cst  of  the 
Director  or  the  Matiooal  Science  Board 

2)  Divisional  or  directorate  advisory  committees  evaluate  individual 
program  areas  on  a  threo-year  cycle  and  report  ^Kelr  fin<iings  di*ectly 
to  the  Director* 

^)  Programs  may  oa  occasion  support  evaluations  of  special  topics  or 
whole  programs  ustng  their  own  program  fundi* 

In  the  FY  Vi%%  bu<Jget  justification,  funds  (of  evaluation  activities  are 
aggregated  and  displayed  here  for  convenience  of  showing  magnitude  of 
effort.  No  change  In  organizational  responsibititi^^s  are  planned  for-  these 
activltiesi  '  ^ 
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The  foliotfinS  la  a  juiiaaty  of  ttow  of  tbt  nftJor  recoQuendatloiu  uitn««se* 

ud«  dutii^  th«  heirir^>p  a^'noted^la  the  tent  vhlc^  fallows, 

it     the  Ndtioiul  Sciettce  Fok ''datlciit's  (hSF)  programs  \or  pre-colle^e  science 
and  e(^in<«riftg  eduutl  ip  are  liude^lustei  the  Foundation  ahouid  t  ikft  ;i 
ieadetahiP  tole  and  Ptovide  tutTitt  as  u«ll  aa  aote^atructurod^  A^pport  for 
thtj  area. 

It     MSF'a  nv>t  undergraduate  college  science  *uPP^rC  pro^r^         not  iMtet 
the  needs      undergraduate  ^chool^*        should  be  revised  to  petalt 
ure  reseatch  <M  the  t0id«tgr«diiat«  caapits  and  auPP^rt  for  taculty  at 

-  tAJChtng-  IfldtltUtlORflp  -  ^  -      —  -  ^    -  ■    '  - 

3*     Consideration  should  he  given  to  Federal  support  £>c  nal^ry  eugoontatlon 
fnr  high  school  and  college  adence  teachcts^ 

4p     More  financial  juppott  is  ne^dtd  fot  the  V^S^  oceans  TLsearch  pro£rsai 
'       specif icell!^  lor  basic  r^searcK  and  for  the  acedeaic  ocean  sciences  fleet* 

5*     The  United  States  needs  to  develop  «n  oceans  sstelllte  survey  syatea* 

Federal  support  levelsi  especl^ll!^  In  NSF^  «re  Inadcquste  to  oeet  the 
fJatton's  novda  fot  l&provlng  Instcuultatloa  In  univccsltlea*  Funding 
shovld  be  Incceasedt  unlvec«it]r  t«8eacchers  should  be  alloued  to  use 
c^tulpocnt  at  national  labotatorle^;  alsslon^agenclcs  Should  set-astd^ 
^  funding  for  Inst tuoen tat Ion  ne«da*  - 

It     To  enhance  contttbutlons  by  Industry  for  equlpEs^nt  ^nd  InfttniiMnt^tlon 
under  the  Econonlc  Recov^riT  Tax  Kck  of  1981  <eRTA>i  the  tntetnal  Rev^enu^ 
Service  ebould  is«ue  lapleaenting  regulations  for  BRTA. 

9t     In  order  to  Increase  unlverftlt!^  dottatlona  of  equlpnenti  ZRTK  should  bo 
revised  to  ollov  the  fair  J&arkec  value  of  the  donated  equlP^nt  to  be 
allowed  as  the  tax  credit  base* 

Legislation  should  be  e^tscted  to  auttnd  section  102  of  the  Internal 
Revenue  Sctvico  Code  to  aake  an!f  kind  of  funding  tax-exenpt  for  unlvcr- 
slt!^  oqulpaent  purchases* 

10*     NSF  should  e:taaine  the  tul^consc^iuences  for  dilution  and  tolsoana^oent 
of  "special  progtaasf"  befote  undertaking  the  proposed  toorganlzatlon  of 
the  Dlrectotato  fot  Selentlfle,  Technological ^  and  International  Affalrsi 

lit     )^Va  vlevs  that  social  and  behavfotat  aclonees  research  needs  less 
InAtrutaentatlon  than  |>>>ysical  and  natural  selences  are  Incorrect  and 
MSF  should  increase  funding  for  Instruaentatlon'lntenatve  aspects 
of  brtiavloral  and  aoclal  sciences  resoateh*  should  count  a  stud!^ 

to  identify  Insttuoentatlon  needs  of  Ctte  various  dtsclpllnes* 

12,     NSF*s  fiAdl^  for  behikvlorsl  and  soctsl  selencca  r^aearcti  and  for 

Inforiutlon  selence  and  technoloSy  ts  Inadequato  and  should  bo  ratsod* 


B93 


693 

SUM!t.\nY  Of  FISCAL  1904  NAllOttAt  ^LEtiCE  K>UHDATLO» 

AtrXELORLZAlLOH  HEARLtdCS 

The  Subccqaaic«e  on  Science,  Reseatch»  artd  Technology  of  the  Hoitae 
Cooattteo  «n  ScIcdCa  4nd  TechOoloSy  Mid  fOvit  ^JtVit  «f  aothodiatton  heflflnge 
«rt  the  Hjtlonnl  Science  FoundAilon  (nSF)  In  February  dud  ^dtch  WSi  the 
full  C^aaitt«  heljd  a  one-day  postute  hearing  on  the  Foundation  in  February^ 
The  ^iot  i«$u«»  Aflcuesed  wete;  rcienc«  and  ctisinoeting  oducation}  (t^zto- 
noaicai  and  JC'cean  sciences,  insitij^nEfltion*  bchatrloMl  and  fociai  4cl«iicefl» 
and  iofocnatioti  scteacca.    This       a  svaoaty  of  tho  itansctiPts  ^nd  testwity 
^obaiiied"  by  the  ultnesaes. 

I.'  iHraODUCTlON 

A.    Relevance  of  MSF'a  Hiafllon  to  Pteild^intial  Coal> 

In  his  9i«ieaent  at  the  poftmt«  h««tt^g  on  [jSF.  held  on  Fcbnufy  23,  198^» 

the  NSF  Director  E>r.  Edward  A.  KnnpP  (juried  a  teceni  «Pc«ch  by  Ftfesidcnt 

Keaeati  to  iKe  'Kasaachusetia  tligh  Tech  Council  Fotum^"  In  which  he  uitd«tecoted 

the  iqpoitance  of  reaearch  lo  economic  teviialiiaiion  oC  the  Nation  and  of 

iho  need  ^fot  aovetniHnt«l  Involveoent  in  ihe^e  ptocesse^^ 

Ve  will  Pt^09«  unPtecedented  Incteases  in  fundaaonial  teaeaich^ 
because  it  off«ra  ««9inii«l  ^tippoti  fot  out  luduaities  and  out  defense 
needs.    And  We  vlll  channal  t^il^  le^e^itch  into  the  qost  proat^lng  «tGaa-* 
thoaG  ooai  llktily      extend  the  benefits  of  Aaetican  science  expettiae 
to  indu^t^.    A»  yo^  luiow*  teaeetch  Is  the  uellsptlng  of  ide^s  that  Lo«d 
UL^new  techn^loSitts  ^^th  a«  the  ttanslitot  and  the  User.    And  it  ia* 
«lio»  thb  tusy  aoutce  fbt  itie  hlBhly  tt^incd  «clentlat«  «nd  cnglnceti 
that  ^  /     vc  will  need  to  lead  us  into  the  noKt  centu^^ 

Dti.  KnapP  ^^fincd  HSF'd  aissi^n  i"  the  context:       these  goals?  'The  zVP* 

of  f^ndaocntal  rese^tch  USt  fltippotts  aakes  a  central  and  cteatlve  contribution 

to  the  econodic  health  ond  viteltty  of  this  Nation."   NSF'a  ol^alour  he 

explained*  differs  ftoa  Al*siona  of  othet  Pedetal  agencies  since  the  Foundation 

focuse*  specifically  on  basic  teaeatch*  especially  in  (diversities: 

THe  9^  19Ba  lnvestg«nt  In  tese«tch  «nd  developunt  by  the  Fedetal 
govetoaent  Is  eatlsated  «t  about  $^6  billion.    The  odJot  R  and  D 
funding  agenclea  ate  the  Dopatteents  of  Defonsei  Enetg/i  Health 

It 
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^nd  Huiun  Serviced  (including  uUDt  ^nd  NASA^    with  out  $1.3  blllUn 
propa««(l  t«tal  Mgnx  for  alt  vhc  FouiidAtlon^»  r«APon»lbllltl»i  " 
the  NSF  l»  moT  a  Leddlng  factor  In  The  overfill  Investoant  f«r 
r^sedich  an^]  devctopaent  b/  th«  Fo^I^ral  eov^rnarnt^    Sutr  IC  one 
looses  At  the  F^ed«ral  InvoatacnT  for  ba^lc  roacarchr  ona  can  se^ 
xhAt  Th«  Foundation  plays  i  sISnlflrant  role  id  ensuring  the  health 
find  vttflllty  of  the  N^iTlon^s  rCM*rrh  enterpj'UeT  Wi^ioric^iiy* 
The  UaTlon^*  colUKe^  a^d  unlv«raltl4]»  hav«  been  the  Institutions 
In  vhUh  oast  lon^-tcm^  funda&ent^t  research  uork  is  o^rrLed 
outi  Id  thfi  support  of  ba«le  rc»oarch  nt  iinIvcTaLt|e«,>  the  Foundation 
4iccainta  for  ^bait  thre^j* fourths  of  all  Federal  funding  and  rrallo 
only  the  ^t^tlonal  inatltutea  of  Health — which  conctntratfla  Ita 
findlrVl  on  h^alth^ related  rcocarchi 

»S?'«  budSet  request  lor  llseal  l^eair  1984  totaled  $U92i3  ailllon,  an 

inercaoc  of  17.8  Percent  over  the  oiTrcnt  plan  for  fiscal  year  1981.  "lbs 

requested  rate  o(  growth  In  the  Foiindottnn'*  buda«t  owr  ProvldUs  fiaeal 

yearai  Aod  the  etsph^aes  eontdincd  In  this  Uid^tr"  aceorilne  to  Dr«  KndP^i 

rcft«t  three  (hlng*:  -  * 

/ 

Firsts  thtt  Iftf^rtanee  of  basic  research  tn  laying  the  firoundiiork 
for  long-tens  econonlc  ^rowth^  an^t  Provldi'>S  a  fouhdaTion  for  the 
technoIo£Us  on  which  our  naTion4tl  security  and  oihcr  goals  depend. 
S^eondi  the  need,  to  revitalize  ^otir  research  biise  In  the  !fatton!a 
colleges  and  oniircultles  and  to  eoture  thvlr  conCinulc^  ability 
to  ptodtee  "tfor'ld  class"  selentlsts  and  englneera  in  The  years 
ahead.    And  thlrd^  the  t&portnnoe  «f  quality  education  In  science 
nnd  rjthea^cles  In  our  seeondary  schools  for  cont Ingln^  V.S. 
^   t^rltnological  and  econoqlc  UadershEp  In  tU^  uorldi 

Mtijor  budget  thrvsts  ^re  Te^uested  foT  research  iQ  Dathebitlcs^  materials. 

engineering,  earth  sciences*  and  Inst fuwntat Ion.    In  addition^  as  a  response 

to  congressional  crlclclsa.  the  Founda  ton  reinstated  sdw  Programs  It 

originallv  vanTed  to  cUaEnate  .  sueh  as  engineering  reseikrch  j^o  ^id  the 


T 

h^ndlea^^ped. 


B .    Concern  About  _Wie_the r  SSF  Is  Supporting  ^P-4,l_ed  RjaiSeajriCh 

Congressann  tloraan      Hineta  said  that  during  l^st  year's  he^rlnS. 
Or.  JGcorgo  Ke:^vortht  Presidential  selence  j^d^lsoT,  testified  that  b^slc 
research  vas  very  healthy.    The  ConSres^Ann  wondered  whether  ilSF*s  In- 
erea^ed  support  fot  ba^lc  research  would  ^      tbe  exPextse  aPPlied 
re^ear^hf  wh<fCher  support  for  appUod  research  has  declined  slnee  the 
Applied  sciences        Research  .VpPllcations  Directorate  vas  temlrtated.  and 
h^hcther  SSF  could  tell  hov  i&uch  support  goes  ennusLiy  ta  applied  research. 
According  to  Or.  Levis  Branscotibf  sfational  Science  B^ard  chnlrnnnt  rPPlled 
research  h>s  not  deelinod  in  ttsf  nnd  the  agene/  has  <  traetcEng  sysTea  to 
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OrtenaicvG  the  aaotint  of  tmd^  avatded  for  ippUed  «U(i(;es  te^rarch.    Duti  he 

»aLd,  the  Hattonat  Science  Board  ha»  decided  that  a  dl^tlnetton  betwRi  basic 

and  apf»Ued  rrse^rch  U  not  useiul.    Andi  JuT  tiodar^coredi  no  Federal  Coverasent 

Agme/.  dUoutd  have  ait  la[>grtant  role  to  pl^y  In  aupPOrtlnS  applied  tesearch: 

'        .  .  .  \i)£  by  appUetf  rr^^arclip  you  oe^i^  problr^-solvlng  rciear^h 
aljocd  at  a  prartlcal  goal  which  has  to  survive  an  eeonoolc  test,  I 
dod't  thliik  either  the  sovemaent  or  the  wl^^'sltle^  are  very  *' 
At  Otat  ^riA  that  should  be^le^t  to  the  frrlvat«  eec.or. 

Several  congre^saan  dls^srce^l.    Corvgressaan  Doug  Ualgren  said  that  better 

distinctions  ahould  be  ude  betueeti  basic  and  applied  r4$^rch  for  purposes 

of  congressional  oversight'    Ht*  Mlneta  said  tUAt  aoAt  ooopanles  ulll  not 

aMpport  hlgh'^rlsk  tesearcti  and  de^eloposn^  unle^  ^  hl^  profit  were  proola^d. 

C '    ^ppcppriatc  tote  of  HSF  in  PlannlnH  tor  LooS^ranSeJUi search  and  Developa^nt 

00th  Coagre9«4«n  Hlnrta  and^G«org<^  Brovn  wond^r<^d  whether  NSF  could 
establish  ilve^.  tcit^i  or  rifteen'^year  ggals  ior  basic  and  applied  re$earca> 
Hr.  Hlneta  said  goal-arttln^  ua^  essential  to  hclP  plftQ  ssnpover  supply!  Mr. 
Srowd  reasoned  that  the  Nation  does  not  ^^ve  ^ong-raogc  goals  and  NSF 
tiiva  the  Institutional  structure  to  fulfill  such  a  rolr.    In  reaponsei  Dr.  Kiupp 
said  th^t  each  scientific  discipline  )^s  Its  oun  ten-year  plan.    Msoi  sln<^e 
scientists  can  oovc  ci^^lv  ftoti  oa^  field  to  anotheri  there  Is  no  overrldlnS 
need  for  l<^-r4f^e  a^c^ouer  proje<^tloiu  ipr  t^isJc  aiut  applied  scleoccs  ileld*^ 
Accordli^  to  Dr^  Br^[\seOdbi  the  Foundation  can  plv  a  leaderehlP  role  in,  these 
ar^as  by  establishing  a  d'.aLogue>  vsing  the  ei^teMlve  network  of  scientists 
!fSF  taps  to  p^L^fora  varlova  advisory  and  t^vlrv  fun^tlone* 

II-    SCIEHCE  jjVNE>  ENGIHEERIHC  EDUCATIO^^ 
Am  introduction 

The  fiscal  year  14^4  request  for  science  and  engineering  education  CSCH> 
totaled        allllon.  $^  tillllon  oore  than  tKe  fUcal  year  1963  pl^n»  vhleh 
Congress  h.il  Increased  (rflo  a  re^ticstcd  l^v^l  of  $15  t&llllon  (for  only 
graduate  iellotfshlps).    The  flseal  year  1984  budget  would  allocate  $19  allUon 
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to  A  progr«a  o£  gradv^te  rtseitrch  ttlLwuhlp^  Ati^i  $20  ntLLton  to  a  proeraa 
of  pre-coUeSe  teacher  laprovftaeot  Jtn  science  tnA  mKhtta^ticv.  Thia  budget 
ra|u«it  U  *tm^U^Uilon^^bolc«^^e  fiscal  ^^^^  leveli  and  aocB  not 

tneltid«  th«  cartlcalua  deveLopaetH^  eaaaQMc«UjO(ij;And  teaearch  eUuota  of 
previous  YttJtr**  progratis.    Subcooaltt^o  Ch«lnu(t  Doug  WalgreirT»ott£^ that 
Although  the  rtluested  increase  set^ed  substantial 

r      ...  p43t  Actions  hsvA  so  "toded  the  base  .  .  .  that  the  lnet«ese 
t«  rot  reaUy  significant  ....    l  would  also  nott  that  in  a- 
budSftc  Incrtase  o/  Sl»5  alllloa  dollar^  {for  &ll  of  NStl,  th« 
$S  allllon  for  pre~cotLegt  tducatton  l9  IfiQtgntf leant  by  jcXD^&ttson  ■ 
[and]  hardly  up  to  thti  leutl  of  a  oa^r  Inlttf^ttve  as  clalwd 
by  the  Prtstdont  In  his  Stat^  of  the  Uhlon  address  ot  $s  restated 
.  in.  the  foundation's  teatlaony  .  *  *  .         ^  ^ 

Several  aeabers  of  the  ^tibcfxaailttee  »fd  that  thtr«  vete  strlous  short;- 
coal(%9  in  tht  <)uALIty  of  U^S,  soUtkce  education  at  eleaentaty^  high  s^bool^ 
and  colleEe  Uvelsi  vlth  O.S.  students  performing  f«r  b«Lotf  th^r  Peeta  In  * 
JapaA»  tht  Soviet  [Fnloni  and  G^nu.iy,    they  sUted  that  thi«  has  severely 
eroded  U.S,  international  techttologlcal  toopetltlvoneas. 

PIvo  vltncaaea  ttatlfled  on  tbe  subject  of  scieskCfi  and  e'^filnoorine 

'  education:  *  ' 

Ullllaa  T-  Culeaant  .^r,^  Co-chairman  of  thit  Ha(lonai  Science  Board 
^oaalsalon  ^°  Pre'^olieg^  Education  In  Katbeaatlts*  Science  «nd  Technology:  \( 

* 

*      Edvard      Knapp,  Director  of  the  National  Scltnce  foundatloni 
Levis  H.  Bratiscodbf  ^halrman  of  thfr  National  Scianco  Boardf 
Jon  V*  Fullert  President  of        Creat  Ukea  Colleges  Assotiatlon;  an^ 
Saul  fc^^atcr,  Preaidenti  tttv  Jersey  institute  of  Teehnolog/i 

B.    National  Stlenie  Board  Coaalsslon  On  Pre-oollfegft-idtjcatlon  In  Hatheiiatlcs> 
Scjencei^d  Technology 

Id  April  I982i  9l»rtl/  after  presentation  of  the  fiscal  ^aar  I9S^  budget^ 
when  the  National  Scltnce  Foondatloni  for  the  second,  tiiftei  d0ugl|jc  to  elislnate 
all  support  fof  pro-college  science  educatloni  the  National  Scleiuse  Board  * 
tstabllabed  th«  CoAslsslon      Prt-toilag«  Edticaclon  in  Hathonkstlcsi  Stlencei 
and  Technology,    Tht  Conoisflton  vas  inttnded  to  define  principles  and  strateglts^ 
to  s^ide  pre-coUego  science  education  offorts^JLn  the  United  States,  Tbt 
^als  of  the  Cooatston  to: 


-  wldaa  cb«  rat^e  of  «elctic(t  am)  aAchn^cl^s  offcrl'Va»  for  ^codeaca 
vho  do  noc  latcnd  lo  pursue  science  Car^.erfti  aad 


-  Irv^reaae  che  luihctuilc^  anJ  sclsace  Uceracy  of  all  citliens^ 

T.  CoUaaai  co^^alraan  of  che  Coanlssloai  c«atlff(td  oa  ic^  ceccnc 
acclvlilesi    Tha  Hrsc  phase  of  actlvlilos,  co  ^Hae  cbe  probl^,  vaa 
C«icrlbed  ia  the  Comalsaloa's  Hr«t  report,  Today^a  Problaas,  Taaorrw^s 
Gr^fles.    The  r*poCc'a  reccewnJaclons  deal  wich  toProvl'^:    ibc  ainlculuai  che 
coadlci'^-dnd  atacus  of  ihc  ccflcbin^  piofeealoPi  public  percepclons  ^nd  Aiudeni^ 
«iiiCMdea,  3bd  cb£  uat:  Of  podera  cccbnolc^^ 
be  Coaawal 


Tbe  Coaawalon  e^iabllsbed  fouf  task  gWps.  10  ^calyr«  acclvlclca  ot 
SovernKQcal  off^lals  ac  all  levels,  including  col  lege-*  level  educAtnis^  Pr«' 
colloft*  cduCaionTi  and  users  of  tKfsyst«ai  au^h  as  che  nilliary.  Up^n 
quasclcnlngi  Hr-  Coleaan  described  e  few  cxeapl^zy  pre-cc5%ege  science  «ducs' 
cloa  prograa*!  In  Aclincai  Georgia  snA  Ral«lgh^. Hoicb  Caiolloai    The  Connlgslon 
plans  10  cesc  tht  r««<MfonA       ics  ceniaclve  recoiacndfti Ions  at.  a  public  forus 
In  Uouacon.    A  final  roP^rc  la^       in  y>ccober  t9S3. 

The  bearings  ^Iscuaalcn  indicated         iaprovln^  pre-coll^c  science 
education  wa4  coapl«xi  wbll«  there  tfa^  «grcC4«ni  on  caus««  u^f^  ProbleiM^ 
ibeie  vds  notie  on  sol^ucIoiUi  a  alcuatlon  exncetbaced  by  ibo  auion^<^  of 
tKe  Nation's  i6,<309  school  dlacrlccs.    There  «c«Md  10  be  cwo  lujor  pioblea^. 
Flivci  ibac  the  coincry  la  100  coaplacenc  and  needs  zo  be  aiouaod  as  li 
was  afiei  ibe  S<»vlttt  SPucnik  lAuncb  it)  1457,  but  now  cward  che  goal  of  ^ 
coapeclng  InCcrn^cionaHy  ^0  lopiovo  ibc  H^clon^s  qoalliy  of  life  and 
indbscrUl  Ouipuc.    Tfie  secand  problos  la  che  need  for  cfonoalCi  staiuSi 
Aid  itiilcudlnal  Incentlvcfl  "  edcoutaje  ceachors  to  ac*y  in  cba  profeaalon. 
In  reipoQitfl  co  a  ^uesclonj^ion  ConBreseiBan  Joo  Skeeni  Hr-  Colenan  aaid 
rbai  be  expected  SEB  Probleaa  co  1a  reeolved  tflihln  fiv«  y«aii^  According 
'  CO  Dr^  Letfla  Branacoabi  Chalraan  of  cbe  tfaclonal  Science  Boardi  Cbe  hoatd  ylit 
devoce  Ics  Dciobor  198^  tii^cilfig  co  dlflCuaslng  cbe  ^oaalsslon'i  r^porc. 
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C    Vltw  On  Kftclon^l  Science  youoilaclott  SK&  Proftc^w* 

'   R«a4rdlDft  N£F'«  SSE  '^r4Sraa«i  tQ«ciw>ny  focu«cd  on  cbcce  laauast  the 

pc«-eiBlaflncc  of  HSf's  col«.ln  g;r4diidte        ^tlon;  che  n««d  for  mr«  caphasli 

I 

edue^c  ion. 

^       1-    MSF  tfjapotiBlblltle*  for  Ccaduatt  Education  Ace  ParaaouQc 

^tb  HSP  Dlceccor  Knapp  and  HSB  Chairman  Braaacodb  tesclfl^J  cbAc 
NSP^i  s^jor  ftcleree  education  roltt  la  In  ear^ec  dev'eloPttent^jcleated  ^aduattt 
educeclon  and  tcalnltvg  la  the  aclenceAi  hoc  1q  pcconlltt^  educaclon.  The 
la^Eeac  ntsbec  of  gcdduate  acudenc^  supported  by  ySr  aerve  as  graduace 
aaalacAAca  oq  teae^^ceh  erAnc»  Awarded  to  ch«lc  pr<ffeaaor»>    Ic  la  anclclpaccd 
cbac  In  fl>cal  yW  ^984  clil«  program  will  support  «oae  lOiOOO  acudenc«f  at 
a't;5?t  of  i92  alllloni  «l  16  peccenc  Increase  <fvec  the  previous  year^  Other 
Sc«dvace  level  pco^ras*  are  felitrjnKlp  and  poatdoetoral  a^acda  auppocted  ftou 
the  vclence  and  engloeeclit^  educ^cloo  ^uppoct  progcaa> 

2»    HSF'g  Uttlced  Role  In  Pte-C<^eg^  Science  Educaclon  Pcoflraaj 

Typical  of  che  coesonc*  h^acd  In  th«  ia«t  few  yoara^^HSB  Chalraan 
atativeo&b  aald  (hat  ^S?  ha«  a  a&nliuil,  very  seleeclve  tole  In  pce-collcge 
sclencQ  education  betjauao  vuch  educaclon  1«  not  a  Federal  roaponsiblUtyL 
Slsll^clyi  |>r>  Knapp  dlacinsul^hed  between  whac  lie  peccelved  as  tiSP'a  ^ 
sajoc  cole  of  avppottlnsi  via  re«eacch  grantsi  Sta^hiate  stude^^^^Ucvnlng 
ce  beeciu  aclenclacai        Ita  alnoc  cole  of  «upporcing  pro-colloge  anidenta 
in  selence  educaclon^  uhlehi  he  aaldi  la  a  c«aponalblllty  of  ch^  Statto  ^nd 
cbc  Deparcncnt  of  Educaclon^    Fee  lnacane«i  duclng  the  poacvre  heatln^i 
Dr.  Knapp  Biildt 

The  Eoundaeloo'v  tola  In  aclenea  and  engineering  ^ueatloQ  1«  ' 
hasteally  ^ult«  dlff«renc  frou  Ics  rolo  ID  retie^cch  ^  ^  .  >  The 
ultUate  responsibility  for  ed^eacloni  e»pcclally  on  chc  eleo^ntary 
4*nd  ^tteoadary  lewl,  ha«  always  belonsed  to  cbe  |s)t«cea  aod 
local  coa«tuilclea.    Abouc  $200  blillen  ft  ytar  la  spent  on  educ^cloi^ 
In  chla  GOunct^i  co  which  the  Federal  <?overnaenc  concclhucea  US9 
than  a  toncb*^    Federal  ag«ncleg  other  chai^  ^S?  play  a  «t£^lflcanc 
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toltt*    Thlfl  1ft  4lly  ffft  the  Dct>artEH*nL  of  Educ^tlonj 

wbo«e  ft  caI  year  i^^t*  boOftet  retu<t*t  i»  about  Sl3  billion*    In  thU 
if^ht,  the  Ksoarceft  dv«lUblo  to  the  founditlon  Are  so  iilnUcul« 
th^t  they  tu«t  be  use^I  vntV  ««refuUy  --^  ssle^tlveiy* 

A$  the  discussion  below  lndl<;ate3,  tiany  Cooalttee  oiaberft  dls^treedj  ancj 

ftKlil  thAt  i^SF  h«s  «  major  role  In  pre-colltt^e  eduCdt  Ion* 


a*    Evolution  of  HS^'a  Pfs'^olleae  *etltfltlc«*    The  tiSF  Director 
de««rlb«d  th«  evolution  of  TtSF'a  pre-colleSe  science  education  activities* 
In  the  pa^ti  tiecdu^e  U  w^*  n«c«dvA^j  ^SF  played  a  larger  role  In  pre-collego 
educAtioni  IncludlnS  "science  curriculub  4«v«iopQtnt  *  *  *  teecher  tralnln^i 
and  *  t  *  dev^lapoQnt  of  scientific  Hmpow^sr*''    KSFt  and  the  then  Offite  cf 
education!  easily  r«Aolv«<l  potential  for  owrlap^  beo«uie  "HSF  would  focu»  on 
«clenc«  an<t  operate  miinly  through  the  Scientific  totsftunity  and  through  anlver- 
altlc*  and  coH^gea,  the  prl(«;ry  gtouP  with  which  It  h«d  constant  inter- 
40tlon  *  *  t  *  It  vaa  NSF'a  coap^rntlvc  adv^ntage^  given  Its  reaponslbllf  tics 
zfor  tia*lG  reeenrcht    the  Office  of  GducatlonT  fn  turni  vould  woik  wlftly  through 
jSJtate  and  local  education  ayateas  end  focus  on  the  brond  «pplicstion  of  {jdttca- 
tloDi*    The  Foundation  had  far  leas  ooney  to^aPendi  but  "^rhere  was  widespread 
sgreeacnt  th^t  ^5F*s  Activities  wore,  overdUt  veU^tar^etddt  i/iiU-n«ne£ed,  aA<f 
effective  In  ac^tlng  thtlr  objeotlves*^  ^ 

The  Foundatlon'0  funtti^ntt  in  thla  are;)  aurte<l  d«ereft^lng  fn  the  t$70a 
yhtii  '«tlentlflc  personnel  shortages  were  »en  to  be  i««s  acute**"   But^  the 
Director  «eld!    **^y JptS,  there  were  23  different  progr^qa  In  science  afut 
engineering  eduestion  with  total  ^dbllE^tlons  of  ^30  aillion*    Many  uere  targeted 
St  at^clfiti  limited  proHleDS  without  a  cle^r  connection  to  s  larger  tonception 
of  the  overall  tisture  and  necdft  of  scienca  education*    tt  f*  eloar  th«t  the 
conaensiks  which  cxt«ted  In  the  195Da  ^nd  IStOs  ofi  the  nature  of  these  needs  «nd 
on  Che  strategies  to  be  Provldeil  had  dissolved  by  the  ^Qd  of  the  t^TOai" 

b*    Objection*  to  HSF'<L-E££cePtlon  of  Its  Halted  coie  in  Pce-eolleftc 
science  educat lon>    ConSrea^aon  Doa  F^qua^  Doug  f^Igren^  George  ^rovn  nnd 
other*  evidenced  concern  thst  ^ho  HatloDsle  Science  Board  and  the  Nat  lonal 
Science  Foundation  had  long  sgO  cboven  to  abandon  their  conftresalonnliy 
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94nO«T«4  tolv»  In  pre-coUttK^  ^jtant^^f  education  and  had  reafftc^d  chlft  decXl0l«o_ 

U  I9dli  And  Agzla.  in.  19SZ,  vtivn  the  Foundation  cou^ht  no  finding  fot  ptccoiUgc 

pTogtssa*    Durlt^  che  pofitate  heating,  Cbaolttfie  Chftlr^n  Fu^u^t  <fe4Cclbed  thl« 

beUl^f  nitd  linked  tc  to  Incrodnctlon  of  the  toaaictee'«  bill,  h^r.  1310i  to  In-' 

create  funding  fot  pro'^collcSc  Bclence  and  ct^lneeclng  educatloni  in.  nn  actCflpti 

-hc-rraid— CO— cotrect^wpcoblcajthat^aa_jCLrj>fl^^        HSF  becauaa  HSF  neglected  Its 

ccsP^natbllUlcB  In  che  ac«4i  of  «clonce  attd  odncdcton.''    H,Rt  1310i  voald  jPpro- 

pcldce  an  additional  SHO  atilion  co  NSF  foe  Pce-^llege*  pOat-«ccondary  and 

public:  science  an^T  englR^^tln^  edvcaclon  {foe  svowt  tngclcuces  and  vockghopai 

P99t-aecondacy  faculty  dcveloPKntf  educ«tton«l  ee«e«tchi  ^nd  a  science  >nd 

enslncctli^g  pctBonticl  fund)*    These  funda  would  eoaploDCDt  KSF'e  $39  otlUon 

tequcAt  fot  SEB,  vhUh  wa«  Halted      ptogtaiii«  of  pre-^ollegie  t«aehlug  loptovi!" 

Bent        graduate  fellowships* 

In  teflponse  lo    the  charge  of  ncgleeti  Dt*  Btanscoab  teattfled  thst  It^? 

and  the  Board  n^d  not  abtogated  thelt  teap^nilbllltles  even  though  no  funding 

hAd  been  ri^uested  ifor  pre^eollege  aetlvJtteft*        sal^  that  ^he  Board  uaued 

«tateb}nts  on        raaponslhllltlctt  In  tbls  aeea  tn  Hatch  ^nd  Auguat  1981  «nd 

Initiated  che  positive  aceP  cf  ereat^^g  Its  Coaolaston*    llo  did  aayi  hovcvcei 

thJtt  thete  vA*  ^  eettsln  ataaunc  oE  'eonaCru<:tlve  tension  bvtvcen  the  National 

Science  Boatd  and  the        Ptestdent*'    Sut»  eonttat/      vhat  aany  chouShtr 

(the  new  Coaalsslon  vas  not  set  Uf>J  fot  tho  purposa  of  deftaVin^ 
pecASure  on  ua  to  bo  apQetfUally  active  In  a  progtwsatlc  faahlon* 
A»  «  ^ctat  of  fact,  quite  the  conttary*    Wc  establlsttcd  the 
(CoqMgatonJ  tn  order  to  generate  that  presaura.    But  wo  felt 
the  ptcflaure  ought  to  be  genetated  on  the  cltlzsntf  of  thU  covntry* 
by  th«5«a«lveai  not  JuAt  on   the  Congtesa  and  the  Science  Foundation* 

Dr.  Knapk  dedctlbed  NSF'«  cuttent  prc-<ollege  flcleoee  oducjitlon  tespoafll- 

blUciest  pru^rliy  hortatory  In  natute^  follows: 

HSF  win  alv»ys  have  a  \l9ltcd  but  critically  laportJtnt  tole,  .1 
in  pre-coll«ge  ^vcatlon  wtthtn  U0  ba^lc  chartet  end  overall 
responsibility  tot' th«  Kicalth  of  nclcnce.    In  fulfUllnS  these 
r«spoqilhllltlsSi  It  Is  ln«uab<:nt  upon  the  Foundation  eo  select 
and  dcalgn  its  actlvltUs  In  such  a  vay  as  Co  c;<ert  high  lov«t<^ei 

deaon«trstc  leadetshlp  In  the  national  Interest  thrMgh  exaopte  

aetting,  and  prototype  .tea  ttngf  t^vol^/e  rescatch  sclohtfatft  And 
~~  er^lnecra  in  educational  coocctn9(  bo  m  flexible  ^9  poastble 
and  t4ceptt^/e  Co  new  ldea«F  W  to  ptooote  che  Involveacnt  of 
(sltatc  and  local  govetnnentai  and  the  private  attctot^  in  Its 
undertakings* 
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He  deacclbed  the  tvo  pcc«ldcncl«l  lalclaclvca  US?  vouid  fvnd  In  1984:  the 
Prtaldcnclai  Aucrdi  £«c  Tct^cbUft  Eiwc11«acc  iti  Sfilctice  m/*  rtAch«uclc»»  ior 
tcccndsiy  fl^hool  cc^cliDn*  and  the  Frcaldenclsi  Secondary  School  SclftDCe  Md 
HftchctHclca  Tcichlng  lttP!>veoQnc  ProgcAa,  to  cr«lD  ccacberB. 
 Many  SiibcQa_Dltt^B_oeBbera  and  jiltneaaefl  Ml<l^iWC-HSr*A.,currffflt^Pfe^college 


,^    sclflfice  cduCAcIon  pfogrAs^  ucn  Infldc^xiuc  to  e»cc  D3clon«l  n««d>*  and  chcrviccc^ 
f«vorM  pav^m  of  B^R^  1310*    HSB  Chalc&An  Bt«oscoab  said  he  m«onftily  cndoc^cd 

~^   TlclB  11  oi  the  blUr  a  uccMng  gt^nt  ptoer^n  vlilch  vould  AiUvlacv  »uoh  prcblcoa 
as  faculty  rccfiaclon*  ^ulPiMnc  and  oacotliU  «<^ulilclcon  4tc  nH  lAvel>»  «nd  «ld 
public  uftde  CI  sanding  cE  science^    H«  aal4  It  vaa  ^conSni«nc  vlth  our  enabling 
.statute.^    Or.  Knspp  c«n^nt«d  favocably  on  another  p«tt  of  Title  llf  vhich  vould 
ttqultt  ])SF  to  dftvclcp  ttchnlclan  tjtalnlng^ 

i 

Coft^i  iBffaan  Md  Crcgg  attVed  [>t-  Knapp  vhtth«r  ]]Sf  uould  rtoat^bllsh  « 
.dltectotfltfl  ior  flcleatlilc  and  ^nglneerlog  cdiicatlcn  li  H^R.  IMO  wttt  enacted^ 
Dr.  Kn«pp  vAld  that  aiMb  a  doclalon  dePend*  on  cho  vita  of  the  ttsultlng  progtaa 
■Dd  th«  vay  the  bill  prosctlbtd  It*  functions. 

At  another  illu^ttatlon  of  ctlttclsa>  (^'^tcsssutn  Btovn  voodeted  vby  fJSF 
vtB  tetalnatlog  funding  Cor  the  vldeiy  A^claJLiaed  chlldten's  TV  aclcnce  progtaa^ 
.^^^*^3  2  1  c^nttfct.""   Ht^  Kn^pp  «ald  this  decl«ton        belog  ttvlcued.  ^ 

Ot^  Saxil  Fenstttr  President  of  tbe  Kiv  Jtraey  tnstltuto  «f  Ttehnology^ 
'      rtptcse.ittns  the  Aaarlcan  A9«ocl«tton  of  State  Collt^ea  and  t^olversltie*  and 
20  educational  aaaoclattona^  rtiotrtd  the  Sxibcoaaittto  to  *■  teport  entitled^ 
'Higher  Education'*  Agenda  in  Scie^ct  and  tfa these t lea  and  Xadinology  CduCAtion^*' 
pttpattd  b/  the  Assocletlon  he  teprt»ented^    Citing  the  tepott*  he  recoAoendad 
that  HSF  should  piey  a  »Jot  tole  i»  taatoting  the  health  oi  AKticaa  aciencc 
educJitton^    As  en  ticaaple  of  a  ancee^iful  MSF  support  ptogtas*  ht  described 
the  Ctf^et  for  Ir^Colltge  Progtaai  for  dleadvanteged  etudents  at  his  initl* 
tutlon^'  H5F  tjpport  vM  ■  crucial  catalyst  La  atloultatlitg  induattlal  Inveit- 
otfltt  at  a  level  tvo  and  one^heli  tlmea  the  amount  of  Federal  euppott.    it  le 
Dip«ciil|iy  Ivporcantr  he  aaid»  for  s^lentlats  to  be  involved  In  develoPinfl 
■um»r  ijifL^tutes  lincc  the  DopattueAt  of  Education  cannot  provide  cht  expettiia 
that  KSF  can^    Its  ut£<^d  the  Coulttce  t«  coAvidtt  eu^gentlona  contained  In  the 
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«foraa  tic  toned  reporc  to  acrfingth  pre*coLLfigfi  u^lttcu;^  educicloa.  The^a 

tnc luded ^profcau  cot 

-  provide  opForcmtcL*^  for  c^Acher**  y<^nA  ncholaro  ^nd  n*earchp[« 
chcoii^  ttxPindfld  BTitluace  fBlLov«Mp*f  new  [CAtticeahlPat  and  faculty  researdt 

-  u£^[*(le  tad  tflp[Ov«  ItiscnJCctofiAt  pr«ft[«u  ac  «tL  l«valftf 

-  upg[««Ie  iti^tnicUonal  equlpunc  «nd  tc*  ucLllMctoai  and 

-  Acr^ngthen  feducactooal  ctaearch  relactng  co  cognlctve  aclence  and 
tnacmctlon^l  uae«  of  coaput«rit. 

J.    The  I«u>  of.  KSr  tfnd^rgraduaia  Sclanca  Educ<rlon  frpgr^M 

AGfiO[41ng  to  Dr.  Knappi  *ctecu;«  «nd  engliMcring  cducacLon  aupporc  pcogr^aa 

«t  tndacscadit^te  coi1«bb*  arc  iaparc^nt  alnca 

■  .  ■  therfi  'coIlBgeA  aetve      jn  important  pipeline  for  eatry 
Int^  cha  ayatca   of  ftraduatc  oducacLon^  and  finally  Into  che 
overall  scientific  and  c^chnUal  enterprlan  of  th«  covntry  -  -  -  - 

lie  luTftlflhed  aoa^  auPl^cclRg  data:    duclng  che  period  1967  co  1^76  atont 

9p^00  Ph.D  recipient*  In  ch«ai«ccy  reuived  cheir  B.A  degre«a  fr«a  l^S  dfidar- 

gradoace  Achoola.    in  l^Stf  20  perceoc  of  M5f  gradftace  research  fellotf«hlpa 

went  CO  gradonte*  of  ftuch  ach^oLt.    niL9  year  zht  Foundation  Pcopoocd  ft  new 

Pco^raai  Undccgcnduate  CoIl«Se  Rcaeacch  SuPPOrtt  co  be  funded  ac  [he  level 

of  $3  ealllion.    It  uoul<t  glvit  faculty  of  undergraduate  adiool*  che  Opportunity 

to  condoct  cecearch  at  other  larger  actdeoic  iitatituclonaf  oc  Covetnatnt  and 

induatrlai  labotacotleai  and  vould  Ptovlde  a  fbodeat  aaounc  of  aupP^ct  foe 

purchaae  oC  nev  equipoent  for   undcrgcaduate  inttitucLoni. 

DC.  Jon  Puileri  ccPcesontm  tw«l«ve  undargmduate  Liberal  area  coll«aea» 

teatfled  chat  cho  Foundacion'a  pfoftcaittt  did  not  go  far  enough  in  aeeclng  che 

ne<td«  of  unite rgraduace  inatltutlona.    lie  cdcicized  cho  proPoaed  MSP  under-^ 

gcaduftco  program  on  th4j  ftcoundi  chac  ctaenrch  anould  be  cacried  out  ^  the 

undecScudu^re  univoralty  ca^t  in  prcLecenco  co  othor  locacLoni.    ile  alao 

a4fd  as?  ahoul)^  calea  the  lead  In  ajPpocting  apocLalized  undergraJuace  craiainff 

of  icUnce  cca^tieca.    Reacting  noft<>civ«ly  co  cite        rttaP^nae  foe  auPPorc 

of  indecgraduace  educatloni  ho  said:        ttavt  noc  founJ  che  t(lnd  of  accencLen 
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fioa  NSF  *  *  *  that  ^  tbliit  Is  ^pproptUtt  zhU  peri  of  ii,e  cducatlomkl 
continuuEtp'^   Att<tQtloQ  should  be  gTven  to  ^atb  oth^t  Pro&ran  Intctattvea  isi 

-  re«eArch       i^culcy  aeabec*^  ^ich  should  be  fti]Fi>ortc<j  by  a  sull 
«Qt-ASl(!e  In  tb«  ^ST  budg«ti 

-  devel^aeqt  of  oppOnunlttea  iot  profeislonsl  r«neval  biy  iaejlty  at 
ptfldonlDstitiy  teaching  Ici^tltutlona; 

"  support  for  InstruHntAtlon  nccdsl 

-  support  for  co^utl^  equtpaent  (lecdal  ^ 

-  devel^^tit  oi  «  Pcaarsa  oi  perlodl«  »vletf        tisproveaetic  oi  science 
iQHtltutlotidi  «uch  s9  lcit«[dtsctplttidTy  currtciiluE*  pcoJects  supported  by  Joint 
efforts  of  tha  National  Scleoca  Foundation  and  th«  Nactona!  Hndou&ent  foe  tti« 

>Kuwlnttttlea,  /  . 

4^   AiK«ntlnft  t^achen'  aalarlej  and  aatchloK  Ptftaraas.  The 
codAltt««  dlao  dl9Cuaaed  tbs  issue  ot  caULng  salart««  for  Mtb«Aitlc<  and 
aelence^tearhetflt    The  Dlceetot  described  *        f^ograa,  prestdentlftl  YounA 
Iitv««tigator  Awards,  ?or  res«areti  to  oncourAg^  yo^ng  Aclenttaid  ^nd  engineers 
to  stay  In  untvamltlerfi  rather  than  s>v«  to  tnduatry  iihere  aalattea  are 
atgntiteantly  htghor*    Tha  progrAS  vould  provide  up  t  >  200  avBids  dnDvaliy> 
each  to  laat  ^9  to  ilve  year*,  with  the  average  wjiid  At  $3D,D0Dt    this  tmuld 
be  a  utehlnsf^pEOgr^s  titih  Industry  supplying  half  of  the  funda^    One  vltnesa 
satd  that  C^KON  haa  begun  a  young  faculty  satary  supPletsent  prograq  ior  college 
level  teachers^    Coitftreasaan  Hcrbeit      Batesan  suggested  that  perh^pa  Cor^gresa 
should  allocate  ^ocae  iunda  proposed  for  science  and  ei^tftsertug  lesearch  to 
serve  aa  eeonoale  Ineentlvee  ior  salary  Increases  at  various  teachli^  levela* 
But        Pallet  dlsj^teedi  an4  seld  that  the  Inatltuttons  theaaelvca.  States^ 
and  localltlaai  not  the  Federal  CDveEna(^nti  are  responsible  ior  salary  augunta- 
tlon  aod  ttCaP^tltion.    But,  hs  ad^cdt  'there  «Ee>  unfortunately,  IcglslAtlve 
and  coQtractual  resirlctioae  Particularly  iroa  the  Publicly  supported  atru«ture 
vhleh  tulte  aalary  enhsneeaent  l^atible.' 

RegardlitS  the  potential  for  aatchlnS  Pcograas,  Dr,  BtanscOEab  said  they 
ifould  aucceed  only  li  the  oaE<;hlog  is  b/  "i^culty  salaries  m  Idndi'  which 
ifould  not  require  Statea  to  put  up  any  additional  iunds  ioi  State  Institutions. 
Iloweverf  Or.  Fcnater  cited  the  followlf^  as  potential  dlaadvantagea  of  a 
utehlng  prograst    poor  geographic  locstloQ*  1*4- 1  dlfliaoce  iron  an  industrial 
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or  corpor4t«  canter,  ^;ch  vcnild  di*^vtttaS«  a^niltir  «chooi0;  f««Il  tir&w 
which  «l8ht  u««koa  titnd  ralaing  efforts;        ^Ifflcultlfra  «rf*ios  f»(i 
havl^  to  nturti  oveV  and  over  ^gatti  to  fltqi  for  (imdli:(g« 

b.    Uae  p£  Coaputera  In  education.    Hz*  Brovit  aafced  the  NSr  Olrector 
to  dlacusf  the  poAslbllty  o(  recoatiendlflg  to  the  Presldeot  efttabllshu&nt  of 
A  cosadfl a lotir  tlallar  to  thott  In  SwedcA.W  ^apan^  ^0  de«l  vltb  thfl  uaca 
and  luPllcattotiA  of  con^utera  In  all  «rsA«  of  society^  fncludlDig  education. 
C^r.  Br«o«coab  »flld  tb«  Board  pUna  to  dljcuas  HSf*t  Irttemal'' ore^ntutlor^ 

and  priorlttet  In  It^omatlon  sclcneea^  conputer  eogln^^Iflgr  and  coaputer 

t 

III.    ASTR0;]0HICAL>  EARTH  AHD  OCEAH  SCIEHCES 

A.      IntroduCt  jJn 

Th«  a^cond  day  of  authorIr«tIon  bcarln^ta  ua»  devoted  to  the  topic  of 

thd  ^Jtrojtoffllcat,  eertb*  and  ocean  aclencca^  supported  by  the  ]>Ircctorare  for 

for  AstroAoalcal^  Atuapherlc^  Earrh^  and  Ocean  aclcncea  (aa£0)«    yftntjaaea  vcrc: 

NSF  Director  Edward  A.  Knap?  ard  Dr.  Edutn  £.  Satp^ter^  :f«tIoital  ScUnte 
Board; 

Dr.  Jac^uf  CouttMu «  oceano^rapher  and  naturallat; 

fattcl  on  Oca^i>OBrjoKy  ini  Oce<n  Drlllitig 

Dr.  ChJirlfrs  L.  Dr^Ae^  Dattvouth  College  and  Cbatr^n^  Ad  Hoc 
Advisory  Croup  on  Cruat«I  Studied; 

Dr.  yllUaa  .llercnborgr  Director,  ScrlPPa  InatltQtfoa  of  OceahoSrapby; 

[>L«  Derek   W«  Spcoeer^  yooda  Itole  Ocearographf t  Inatltutlon;  aod 
Director  of  tha  Unlveralty  rfatlonal  Oce^flOgripKlc  Votveralty  Systeti. 

Panel  on_J^at_c_oflQjiy: 

Dr.  l?eot)$e      Flefd^  CtMlmAo^  UKS  c^atttce  «i  Aatronoayi  and 

Dt^  Arthur  D.  Codo^  Pteald^nt^  An«rltan  Aatronoaltal  Society. 

Stiboflnnlttac  Chalraan  y«Igren  opantd  the  hearing  by  ufidertcoring  th« 

ItiPOrtance  of  rcac«rcb  cojtductcd  by  Cha  directorate; 

^  ^  .  Tha  reaonrch  apon^red  by  thta  directorate  ha«j  ttore  than  any 
other  einglo  ptogr^a^  revolution lied  our  vieu  of  both  our  planet  and 
the  unlvetae  In  uhlch  vc  llve^ 
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i«d  ^Aci«  and  black  h(ile»^  dev«l«Pa:ni  oi  (tceana£iaphlc  cc««atch  Inaiiu-^ 
Dsnietl^ni  i40«iidi  aubwc«lbU*»        d«eP  uacet  drilling  ccchnfq4i««j  vich 
poienifal  celcvince  co  ^ooAeclul  vecovtty- 

6.    jtaiional  Science  fowndailon  Dcari.pilon  Df  Th^  AAED  PiqBCjb  Axid  Rcqueaccd 
Fund Ins  Levali 

WSF  Pitectoe  KnCpp  ctt^lalned  ct^g  tegueJeed  tuhdlne  ttveli  fat  fUe^l  yw__ 
198a.    H«  %iM  eoekin^  «  21^3  peieeni  lnci«A>e       iundln^  ice  ihe  dli«efi(ti«io. 
ThV  bigSB^i  lneM««fl  pldnned*  25.9  p«ieeni,  uae  Jot  dia  a«leon^lcal  ^lenc«i. 
^Ttu,  Incioaf*^"  Im)  s^id^  ylll  ellow  m  10  iipge«de  ln«eeut«ni«ilon  ai  unlv«ialey 
and  national  obaervaioele*  and  10  supPOii  pcellalaary  dttalgn  studies  fbt  ihc  veiy 
Lanft  bai^llne  «ei«y  ...  a  ^Jo^,  ncv  radio  telescope  .  »  »  .  ^   Funding  i^i 
aCB«pheile  iclflnee*  vould  Ineeea^e  by  20.7  peiceni  ovei  ihe  ila^^l  ye^i  X9S3. 
Ttio  i«qu«iicd  fncieaH  iw        eaiib  sciences  yaa  23^5  Pmeeni  ovei  che  il«cal 
yft«e  1933^    Aceoedlr^  10  Di.  Knapp«  '^c  iDcrea^tt  ulll  allov  x««r-iound*  eon- 
iloflniAt  i«fleeilon  pcoflUnft  oP«iMlon»  «nd  AeneeaL  upgrading  of  aueh  ot  i1» 
ev«««rch  ln«iruMni»eion  lihlch  hii<  beeow  obsolete  «lnra  che  «aJoe  Fedee«l 
equlPuni  lnv««iMni»  of  Che  1960«^'   Oveeall,  (t»aa  lelencea  ftikd  octtun  delllltig 
Te4««Tcn  would  lnee««««  ^  Ifi-l  p«i«eni.  Thl«  requeai  lneiude«  iundff  for  cru»t«l 
eeic«Teh  co  be  conduceed  ^        ocean  dillllng  Piogiaai  which*  piii*uane  10  « 
teedaaendaelon  mde  bjr  A  eoaaliiee  of  careh  and  oeean  Aclentlaiv,  now  tmdtv 
■ludy  by  ehe  Hailoital  Selene*  Found«ilon»  would        a  ncv  eoaneileal  dilll  ahlp 
ligi  i«iho*  ihftn  ihe  vei«el»  OLOHAR  CHALLEHGGR.    Fintdlnft  foe  Aieelc  eeieareh 
would  Incecaso       19  P^iceni. 

De#  Knapp  offeied  seveeel  r«««oM  to  exPlAln  rhe  aub^ianil^l  Inereieea  tn 
iundlng  ior  ehU  dlieceom«.    A  l^laary  eH«i«ei«il»ele  ot  tfce  «iiTonoale«l> 
ataoipMelej  eaiih  end  octt^n  Bclene*^  ^tt  ihAe  ihey  «re  obaervailonal  a.id 
ihe  phenOBen«  of  lnieie«i  e«ni^OT  b«  eonirolled  or  unalPuUied      In  laboreiorT 
»elttnee«.    Thl»  neAn*  ih«i  i^^io  ^len^«  iie  highly  d«Peiidini  uPon  liv«i ruiMnra' 
ilonr  »uch  «■: 
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ilrlllli\g  PUtfonvMi  Aticroii«lc4l  obaervatorl^Si  aircraft,  «Mr»i 
AnA  «ubaerslbl«i  for  obdvrvjitlont  frirm  th«  beat  locatlonaf  ^^clilc 
d*t^  coll^ctii^  devicea  au<^h      radio  rel«5«0Pe«  and  r«colverai 
chArfted  couPlad  detct^tor  arra>ai  avUnlc  detectorii  earth  corerai 
or  doppler  rftdnre;  and  Ators^e  ^nd  <:«putatlonfll  equlP^^Qt  for 
haadlQE  data*  facllltAt ing  Jt«  ioterPf«tatloQ  and  wdelllag  natural 

iJatlonal  Science  Fotindfttlon  aupport  la  rendered  four  vtytt 

-  dlroct  atiPport  to  lodlvldual  Inveatlgatoni 

-  aupP^rt  of  national  cent«r&  and  other  aajor  r««edrdi  faclHtle^i 
^  mpport  for  lars^  coordinated  projectai  and 

-  Indirect  aupport  of  natif  inveatli^tora        arc  given  Acceii  to 
f4cilltl«ai  data»  or  aaaplea  on  a  co:9etltlve  baiii.    Th«  atjor  facilities 
«tipport«d  by  NSF  are: 

-  fiv(^  uaor^rlenced  national  oitroaoaic^I  oba«rvatorieai  plu*  partial 
support  of  a  half  dozen  university  observatorlea  that  operate  a  range 
oi  radio  t«l«scopesi 

i. 

-  d  loft^ltudlnAl  4^aln  oE^^ck  scatter  radars  to  observe  vlnd»  and 
otber  plionoD^na  In  the  upper  atoo^Pher^  at  loeatlona  Eroo  Crecnland 
ta  Pe^i 

"    the  National  center  for  Att*oapherto  resear<^b  (hCAA)*  iAil<ib  both 
conducts  «t«ff  research  it«elf»  and  provides  vi^r  coaP^tat looftl  and 
oodelllng  facllUiesi  alroraft»  and  rodara  to  vnlvec'a ity  researd^orft 

-  scl«&lc  reflection  profiling  by  the  Consortitin  for  Continental 
R(^El«ction  Profiling  (COCOftp)  to  up  the  stn^cture  of  the  continental 
eiust  to  dePtb  of  70  klloaetersi 

-  the  ocean  drillli^g  ahip  cmLENC^R     -  -  ; 

*-  vltb  H^A  and  the  Office  oi  Ndval  Redear<^b»  the  oanned  aubKr«lble 
alvim;  ^nd 

-  the  .  ^  ^  operations  of  22  oE  tbe  ^5  shlPa  lUirrentl^  Conatltuting 
the  acadealc  ocaanoSraPhlc  flact. 

The  oaount  oi  Individual  Project  «upport  varies  froo  field  to  field*  vltb 
the  latgeat  4Qf>tint  going  to  rt^eearehera  in  tbe  eart:h  sciencea.    The  Foundation 
coordinates  Its  pro^rooa  and  Eimding  vitb  these  of  other  ageneiea  via  infonuMl 
contacts*      w^Ii  as  foraat  oechanisast  such  as  tbe  Coaaittee  on  AtoosPhetc  and 
Qceana  of  tbe  Federal  Coordinating  Council  on  Science^  En^ln^orlt^St  and  Technology 

In  ttoat  of  theae  sciences  HSF  Provides  the  bulk  oE  Federal  iundlnS  to 

vnlveraltlea.    Aceordli^  to  KnaPP: 

The  Founiiatlon  Is  a  aaJor  «uPporter  of  aeadenl<:  rCaCar^b  In 
all  the  AAEO  sclccc«a  tbovfilt  the  oa^itude  of  ita  rolo  variesi 
depending  on  the  level*  of  fuodlnS  Eor  aore  oi salon-oriented 
reaearcb  provided  by  other  Federal  agencies^    The  NSF  i«  the  lead 
agency  for  Federal  aupport  of  ground-based  aatronoay  and»  since 
i976»  haa  lulncalned  a  telat  Ively  constant  iundlng  role  providing 
abotit  ttfo-tblrda  of  the  FsdCral  total.    Jxi  atDoapbCrlc  sciences 
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reACAtch,  <h4  Hitlonsl  Oceaalc  dful  Atwph«tl^  Adalnlsttatlon 
<HOAA>i  the  t>epirtaent  of  Otfenve  <OOD>i  And  tTte  ^fatloaal  A«roa4utlc8 
and  Spac«  Adalnlfttratton  (KASA)i  dt«  cujor  BOUtcei  d  «uppott,  with 
HSF  funding  accountlDg  fat  only  abtnit  httlf  of  the  work  tonducted 
by  mlverelty  Itwestl^atots.    the  U.S.  Geological  Sutveyi  THiSK  and 
[>epattsent  of  £i)etgy  ate  faportant  funder*  of  epplledi  aisalon- 
oeleeted  v<^rit  In  the  ^atth  sciences  with  the  Foundatloo  AccoanClt^£ 
for  about  7S  l>etccnt  of  the  F«d«ral  fuid«  gof*i£  to  unlvetelCXov 
fot  tha  8i]ppott  of  basic  fesentch       thttae  discipline**  SlnUaeiyi 
the  MSP  ptovlde*  naatlT  three-fourtha  of  the  Federal  support  of 
basic  oceaa  research  at  academic  Institutions.    The  slgalflcance 
of  tKe  Foundation's  toltt  In  the  oteao  sciences  In  tecent  years 
has  Incteascd  because  of  general  datreastts  In  funding  levals  fot 
basic  and  applied  <>cecn<^Srsphlc  votk  In  otKer  Fedetal  agencies. 


Scvetal  wltDesse*  stres  «(t  tho  need  ^o  Increaao  funding  for  ba^lc 
research  In  the  oceanography  atea. 


1.    Wead  Fot  More  Basic  Oceanic  R^scatch 


_  Dt.  Jacques Coustoau tcstf fed  ChaC  tl«S«  b^afc  ocean  sciences  research 
Uidpta  i;ave  been  decllnlt^  nlnco  196$  due  to  cutbacks  in  DOD  funding 
fot  baalc  tesearch  and  gt^  cer  V.S*  enPhasXs  on  aliPlledi  tathet  thani  basic 
teteatchi    UnforCunateiyi  othet  countries  haw  follow«d  the  U.S.  ieedi  buC 
U.S.  icaderahlp  la  science  and  technolo^i  ho  aaXdi  has  declined  do^  Ptecfpl 
tously«   Ke  ttccQDcivted  tbac  the  following  oceanic  tesearch  ateas  receive 
core  fundlnftT 

-  rtsi-tlAi3  dita  collected  dally  froa  reaeatch  bouya  Xotertogated  by 
«aCellittVi 

^   tuppott  fot  an  oteanogtaphlc  ecaeutcaonC  s^apianoi 

-  sttrdy  of  the  f^u-  ait/ocean  intetfacea: 

aXr/ocaan  where  cU«ut«a  ^re  contelwd}  oceaa  bottom  lnt«tfaeef 
vhete  continents  and  ocean  baaXna  ate  fotged,  whote  minerals 
genetaCed  and  lutrlenta  r<gGnoratcdf  the  coaatllne  Proulncea  t^ete 
the  hUDan  pteeaute  Xe  hlgbo*t«  .  *  t  snd  flnallj^,  th«  feesh 
waCer/aalC  if^tet  Interface  at  deltas  and  sounts  of  large  and  ssiaLl 
tlv«t«i  and  of  varloas  nin-offsi  and 

^   Boto  IntordlsclPLinai^  researchi  ^leh  he  Ubeled  "ecotech";  and 

"   reptacenents  in  Unka  In  the  food  chafn  in  ot4ans« 

"Bcoteth"  toasatch  Is  holistic  In  naturoi  and  dlffeta  ftoQ  curtent  teduc 

t^lonlaC  paradlgQSf  which  are  overusedi  he  Mid*    This  new  kind  of  te«eatch 
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uoulJ^_;iAttSrstq  {mXmXy  of  \  tm&iii~orlqntvd  disclPlliica  vlch  natutal  s}^stea 

^tibjects."    Dr.a^u^^c^Li  stTtsscd  tliJt  'Ma  Dust  eabrace  ecolo^i  economical 

aoct  with  «ppToprUtc  cechnolpg^i  develop  «U«rnare  ftitorta  to  liistit^  a 

htjLX%iiy  and  p[V>ductl^^  blosplusre."   At        xhti  uo-^ld  aean  aoTt  support 

f^r  p<>PvlAtlon  ecology  jcid  tcosy^t^  Cunctlan.    Specif IcAlll^i 

Wt  need  CO  undefataod  the  pacctrns  of  chc  landscape  Including  ^ 

cQ4stel  regloui  che  hmun  and  natural  4>i;>ceba  i^lch  stirvlve  In 

che»e  regional  the  dlacritnitlon  ind  exchangca  of  anefsy  and  oattcTi 

the  coDtrollthg  ToU  ot  water £«edb«e1c  loops  i<tjcliln  theae  nys^iim^, 

aod  wc  need  to  be  abU  to  ev^luacc  alternste  £ucutes  tn  light  af 

avch  ood^la. 

I>r.  UllltaaMtrt'jtbt,r^^  agreed  with  l>r.0oLi^tf:au*9  r^coaaeodatlona  and  «4ld  that 
"ve  arfl  losl***  i5r<hind''^ln  these  areas,    "the  probleos  are  conin;  ac  *  rat*  and 
an  Intensity  thttt  seeaa  faster  than  ■   ■  .  our  social  eclence  ablUtl^  aeea^ 
capable  of  coplng  ^nd  developln^*^ 

KpebcTa  of  the  oeeanograph^  and  ocean  drilling  panel  outlined  other 
re^caTnt  needs. 


Z-  Ipportancc  of  Peep  Sea  PrlXllne  - 
Dr.  CharlQ»  L.  l>rAe  testified  on  the  Importance  of  basic  oceanography  and 

I 

cmatal  research  in  the  content  of  geology  aa6  gcoptiyalca  andi  In  thla  coikiiecclon 
Btrea$«d  che  leportancc  of  deep  aea  drilling  toolsi  eaaentlal  n>  obtain  the 
data  needed  to  produce  bcctcr  (»del3  of  the  resotircea  of  the  ocean  bottoa 
dfid  beneath.    It  la  caaentl«li  he  saldi  to  underatmd  chc  paat  processes  of 
foToatlon  of  layefa  of  the  ocean  bottoA  to  clarify  b^alc  uncertafntles.  He 
illustrated  thla  point  with  several  cxantples  <tf  the  breakthroughs  froo  ocean 
drilling: 

ScleiitUle  ocean  dcllllf^  provided  the  conflnatlon  for  the  codel 
o£  the  ocean  cn«c  by  aeafloor  spreading  from  ocean  rldSeSi  «  Dod^l 
au*S*>Bted  froo  Keophyalcal  ((easur^nts.    Drilling  deoon*trart>a  the 
pre4ene«  of  salt  doses  and  hydrocarbons  tn  the  deepcat  parts  of  the 
C^iU  ot  Mexico. 

tvo  recent  dcvelopaqnta  In  drllllf^  ceehnolbgyj  the  "Hydraulic  Placon 
Corer   and  the    Entflndlng  Core  Bapeli"  allow  reaearchets  t<>  reeo«T  undisturbed 
quPle^i  Rivl^  tha  ^iscory  of  ocean  bavins  and  waters  and  of  clloatea  ^bove 
ocean  surfaces.    Or.  Prake  «Ald  thac  'An  iciportant  opportunity  would  be  lost 
11£  ocean  scientific  drilling  were  to  be  tcralnaced.^  « 
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3-    Meed  for  H'^ro  Rtatatch  on  tht  Llnkff  Botwten  CllMtc  Chflngt  jud 
Ocefltilc  J'attetnsi  Nttd  for  an  Ocean  SatelUte  S/at^  latn^^tg  oa 
[K'fctis^^d  Internjitloftal  Politics 


*        Dr./ni' r«rtt<- teatlflcd  on  the  need  fot  re^adnh^rs  to  understand  the 

llrks  bety(!en  oceanic  phenomena  nnd  Jhort-t^n^e  cUante  chnn^i  aa  well  as 

the  ittpact  of  the  ocenna  on  longer  fnnge  ciiaate  Predittlon  and  oo  poUtlenI  ^ 

dtclfllon-maklne  vl  th  InternjktlonM  econoQic  Iftpli cation^.    Ite  stresaed  tho 

iBpottAnce  oC  oeeaQic  f^tte(Q«  oix  fisheries  indu^trioa  and  irtternAtional 

PQlit Icsi^eitln^  the  failure  of  the  California  aardlna  flshccy  Industry 

add  of  the  Peruvian  nnehovetta  Induatr/i  SpeclClcsliyi  he  testified: 

Tht  Initial  ind  still  iitp»rt«nt  Indicators        cUaatel  are  the 
anxious  se&  surface  teapet«tiirts  one  finds  in  vhe  ttorth  Pacific^ 
To  see  vtiat  Is  «heAd|^lt  Is^good  to  tevlew  tht  tet^enC  pA»t. 

JfABlaa  predlVteJ  the  fateful  drought  In  the  V.S.S.R.  [sic.  1  tltat 
proDpted  ttie*nbpoRBjkl. Russian  puteha^t  ^  ^raln  froa  th^  Vnlted 
States  that  pteclpltated  strln^nt  controls  on  future  4eals. 
This  vaa  followed  by  an  atinormall^  severe  '*Z\  ffino"  that  ue  nov 
knov  vas  not  unrelated^   ThAt  event  triggered  a  total  coUapso  of 
ptm  Peruvlaa  andiovetts  fishery  that  vis  the  principal  fish  Deal 
supPiy  for  mainland  Chins  and  4apan.    Japatu  In  tum»  tried  to 
rvplaee  thla  prottloMlth  hurk^n  sgybeansi  tnit  president  MIxon 
ftlt  eoapeLied  to  eobatgo  the  er^  because  of  d^nSerousiy  depleted 
com  and  vh«at  reserves  In  this  eountcy.    This  Internatlonol 
eontratenPs  need  not  have  occurred  if  official  t^ashlngton  had 
Paid  eloser  atttntlon  to  Naolas*  predictions. 

Fart  of  the  problea  In  eonducting  oeeans~related  te^e^rchi  aecordl^  to 

Dr. Nioi^nbor^/  Is  that  oeterologlsts  ^havei  for  °3f^y  l^arsi  been  very  «lw 

in  reco^lclng  .  .  ^  tltat  th^  prlgln  of  their  subjeet  i«  In  the  oceans.^ 

Furthemotei i^lt  is  roc? re  expensive  to  oake  oeaaurraents  over  the  ocean,  than  <»ei^ 

land#    But  the  cont«<iuences  of  not  doln^  so  ar^  ^1*9  eoatly.    lie  stressed 

that  In  order  to  obtain  better  predictive  resultsi  tho  United  States  should 

develop  an  ocean  satellite  ayat^ot  a  eontinuou^ *aysten  linked  to  the  o^delilng 

cspabllitlea  of  lil5^  apced  cooputcra.    SEAShTi  he  saldi  was  operational  for 

on|y  ^9  daysj' 

He  also  listed  other  research  are^a  requiring  NSF  supports 

-  evolutl<>oary  change  va^  the  ^ffacta  of  carbon  dioxide  In  tha 
aCojOflpherei  Ineludlng  <»ean  dynamiea  and  chealatcy  of  earbon  dloxldo 
shtorptlon  in  tho  oeeans  and  Che  teglonal  ef  feets.  oC  carbon 

dl 0X1  dt- Induced  cUoatc  thanget 

-  changes  In  the  frc4uen<;^  of  natural  disasters: 

-  the  l<sufi  «f  aca*levcl  rlsa; 
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-  vndflr«C«a4i[^  of  ac«ui  ph«nouiu  in  C«iaCion  Co  ^fcnss  and 
ability  oC  tuboBrine  defense  and  vorld  aCabiiiCJl 

~  »cean  oea^QCai*  eddi«a  and  i^lications  for  acoustic  anti'aubi&arlnc 
varfaral  and 

-  ocean  sadiiKntfti  And  poUr  tec  and  circumPOUr  cufrcnCv* 

Dr*  CtiusCeau  Cold  tne  Subco&UCcc  Clue  inCcrnaCionAl  cooperation  under 
Che  ^9pic««  of  intttcfiOVCrnaenCat  orSanltacioiu  ^4  in«fUci«nC  and  chat  auch 
conperaCinn  ihouid  ^  lialCad  to  C(>li«bQr«cion  taoag  chre«  Co  five  nfttione^ 
ennctloned  by  nuiCiiattrai  ^re«unC«*    Ov«rali^  he  isPli«d  ChaC  nationalistic 
poiitic*  prevent  eucce»fui  nultinaCional  collaboration  and  he  cited  Che  f«cc 
th«C  political  faeCon  aiiwed  the  tr,S,  SEASAt  aatelliCe  to  U  f^sad  on  only 
U*S.  coMtfll  waCers,  i^Han  ic  had  a  cal^biiitr  to  a^an  th«  entire  ocean  and 
Provid«  Ch«  datft  cheaglj  to  other  users* 

t 

4»    More  Support  Weeded  for  AoJeniC  Ocean  Science*  Reaftflrtfh 

Dr*  Darck  W,  Spencer  focused  ^  Ch*  str^aecs  caused  by  funding  cuCbscks 
for  a«adeslc  oce^n  sciences  reaearcli^  especially  for  the  ««adeaic  ocennoSr^Phic 
fieet.    tie  said  Ch«  fi««c  conalste  of  baCh  g«neral  purpo*«  v«sseie  cod  aP^ciai 
purpoK  veesalai  such  as  the  driiiing  ship  ch«  CLOKAR  CHALLENCERt  Che  ^abl« 
piacfona  pLiPi  and  the  aubmrsible  t>SRV  ALVlN*  «  The  fleec  decressed  froa  J5 
>f«sseU       t971»  to  25  in  1983t  fundiivg  cutbacka  have  aisa  nade  it  diCflcuit  to 
keep  ships  in  toj^  operationai  ten*     Dr*  Spencer  d^»cribed  Che  financiai 
probiea  aa  toilovs:        suPporCs  about  50  percenti  and  the  Office  of  KAVai 
Rcacerth  abouc  25  pereenCi  of  aeadeale  ocean  sciencee  researdt*  Those 

CHO  aSencics  aieo  provide  above  ^0  PercenC  of  aupport  tor  aeadeaic  fi^et  opera- 
tiORSi    During  che  period  i469  to  1973  acadealc  oceana  science  ptos^redi  but 
^ince  1473  a<:a<feiUc  oceans  eclence  fttndinj  ttaa  <fccreaffed  each  year  by  ebouC  B 
percenc  in  Ceras  of  constanc  i972  dollarsi 

There  ar«  ocher  pcoblesa:  higher  ci^o  arersge  infiationarJ  coataf  eeaP^tiCion 
fron  induatry  for  hig^  qgaiity  scaff)  growCh  in  governtont  XaboreCorics  conducCinft 
basic  And  apPiied  ocean  sciences  research;  and  increased  dltfieuicies  and 
costs  in  obcaining  clearance*  Co  work  in  foreifiri  watora> 


**V 
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The  foIkitflttsr^^«Ccotdlng  lo  Dc.  Spoocer,  coi^flLlLut«  the  emulative  cffccLs 

of  Lhd  dfoi^AsenLloRcd  pcobIcB$: 

"    ittvecc  coapfitltlort  lit  funding  And  retr«iidiunc  ja  bozh  i^nP^trer  snd 
fjCtlliUs:  ' 

"    pre«»ure»  on  acAdealc  occanogx^phlc  tR)tttuLton«  ih«L  fund  resurdidcsi 

^  only  proposals  Cot  Ahocft^m  re«c4irch  c^itd  to  bd  vobaltitd  b«c«u»« 

of ^ A  low  probabtitty  of  «ucce9»;  and  '  ^ 

"    r^sttftrcl)  expeditions  in  r^lon«  i|i»tc  froa  the  U.S.  flho»s  «» 
bdCOAt'^  vccy  dlfftculL  to  plan  «Dd  OMCuto. 

Dr.  SP^rtccc  Mid  the  10  pQtceAt  litCuaac  in  the  NSP  oc«aa  tclenus  bud^ec 

^  t 

wA»  loadc(tu4tc»  alnC«  1l  w«b  oaly  oao-'lulf  of  the  percentage  lAccoa««  In  other 
area^.    He  urSed  chat  ihe  budfiei  be  increa^od  oare  and  ihat  t)ie  Coj^rec*  tAr 
coutage  the  Havy  and  other  Govcrrtscnt  agencies  lo  use  che  resources  of  ecadealc 
oceaftOgrePhlc  iMtltutlort*.  ' 


S.    Contlnmtiort  of  the  Octan  Drilling  Pcojtraa  by  Lt-^3a  of  a  Coanerclal 
nctninR  ftia 

Several  wltnease^  addreased  the  t»8tie  of  how  KS¥  should^  wsl  expeditiouDiy^ 
corttlrtue  the  ocean  dclLllrte  pto^raa.    Dc.  Drake  described  the  work 
«  Ad  itoc  Cenckitcee  to  ftrvtctf  PUoa        Ocean  Scientific  Drilling  in  the  Cortcexc 
of  CiucLel  Studies  and  lt>  Likely  forthcoaine  ceconKndai^dn  in  cortsldec  uslnS 
s  leased  coaaercUi  oil  drilling  riS  lrt»teed  ot  the  NSF  shiPs^  the  CtLALLESGER 
oc  Lhe  EXPLORER.    HSF  Diteciot  Knappp  a^U  ihai  ac  leasi  «ix  such  rigs  ^ere 
available  on  favocable  tena^.    Accocdlttg  t^  Dr.  Drake,  the  rigs  were  availj^le 
bec^uss  the  oarket  foe  coaoeccitl  offahocs  dcilUng  tlgS  had  collapsed^  Con-* 
vecalon  ef  the  EXpLOREEt  for  ocean  drilling  va>  T^ajacted  since  Cobls  vould  be 

prohlbicive"on  the  order  of  $50  alilion-^-^nd  industrial  Participation  had  been 

■1 

vlLbctrswn.    Convecaion  of  the  C]tALt£t;CER  waa  coaslderedt  b^L  1l  also  v^ld  need 
ejttenatve  overhauls  1l  v^ld  noi  have  the  capactiy;  «nd  It  was  required  for  other 
uaea.    Accordii^  lo  {>r.  Drake*  fronceitd  cosls  to  ^ulp  a  CvbmmtcIaI  vessel  vovLd 
be  abovt  10  percenc  <^^  cosl«  to  convert  th^  EXPLORER,    HOwe^r't  he  aald  othsc  coslsf 
In  the  Cars  of  research  fore^anef  alghi^be  tncucrcd  by  filvlng  up  the  EXPLORER: 
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1*  ^ 


Vh^K  we  would  1«b  uould  be  (h«  a6lll^  Kt>  drllt  coocioUed  ' 

hoiu  In  deeP  aedloenta  and  u«cai  ov«i  6»000  r«ec  d««p«    Gat  I  go 

ag«lo  to  ch«  ehalman  of  tht  CO^AD  re^^ii^  ch«  Cociferenc«  on 

Ocean  Sclanclflc  Drlllln^i^  who  lOok  noie  of  ch«  r«ec  ih«i  b1eui«c 

BVflCyihlng  ih»c  ch«y  piopoAtt  «a  a  acleailfle  dttallenge  the  dilll 

eould  b«  applied  to  could  b4  done  on  the  weattl  ve  ere  celklng 

about. 

C^rvgrBBBun  Ualgian  «»k«d  t>ix  Kitapp  vhy  funding^  coiAlln^  ePE^oxluc^iy 
$2l.t  ftllUont  had  been  apanc  on  (he  oe«4n  urgln  dillUng  piogiBDi  after  ihc 
piogru  waa  supposed  to         beei^  eoaPl<ic«d  uali^  CHALLKHCER.    Th«  r«apon<e  waa 
ihai  aboui  315  sllJlOD  mm  (o  aelencirie  plaool«g"i^  dcieislne  ihe 
fuivEB  of  ihe  progiAa  and  (o  4iudy  eliein«ilva  do^lgnj  foi  conilnuailon  of  . 
Che  dillllng  Progi«a  (thai  1st  lefurblahnnc  oi  an  «xlailn$  veaaal  or 
laaaa  of  *  nev  rlg)«    About  $6  slllloo  of  ch«  $21. t  Billion  was  provided 
hy  litduac^y  oi  /orelgj)  nat!on«« 

The  roundaclon  iequa«ied  $9.8  sllllon  lo  (he  n*e«l  yeai  tm  budsec 
10  etiniloue  tfit  piogrea  chiouSh  vhacever  oPclon  the  aftency  aalecia.    Dr«  l>EAk« 
aald  ihac  oeoan  drilling  vtlug  a  ti«f  opcloo  would  be  «  pocencl«l  «iea  for 
IruUful  loiainaclotuil  coop«raclot>  end  leeoaoended  ihai  one-hftlf  of  iha 

I 

fuid*  lor        progiia  ftbduld  co«  fioa  foialgn  concrlbuioia.    Duc»  Oi.  KnaPP 
oaitoated     mith  ^ualler  ^ole  for  foreign  paieuerst    "If  ve  go  foiuaid  ulih 
Che  leaser'.  »hlp>  we  wuid  go  to  cur  palmare  and  aoticc  eontrlbuiton^ 
lo  dafi^ay  punning  coat:a  and  it  wauld  ^  rmeh  letfa  thjiit  $1  aillloa»  perhaps 
$200)000  ;o  $3?0»00D  or  ao  poi  pArC^r*" 

i>*    General  Satiafaetlon  Ulth  Aatronoalejil  Reneatcih  $uPpOri  Proftiaas 

Arthur  D-  Codfl,  preaUont  of  iho  Aaetleon  Aattouoateal  ^ocloty^  ceailfled 
oi^  aacionoaleal  reaeareh.    tto  aald  ihai  "aacrononiy  hA9  wlinaaaed  ao  unpieco<tenC£d  * 
$rovth  of  diatovory  .  .      the  rooca  of  vhlch  lie  ^in  cot  ability  ta  wPloue  J 
Cha  Jactre  elcciioaagneile  ape^iruot  fioa  ladlo  through  JLnfrar«d»  opilealt  / 
uUiavlolett  and  r-t^."   He  deaeilbed  a<ka«  taporianc  lec^nc  flndli>ga  madtt 
ualng  chla  teehnology«    Buc>  aov  wa  g^^j  «  "oacloiiAl  progr^  ot  wtoaoalcii  tf^ 
•aaicht  -  -  «  an  Iniegruted  Piogiaa  thai  aP^na  ch«  ole^iroMgnoci^  ape^Cius  .  .  , 
becauae  dlffarani  loairiiaienift.  raeelving  dlff«iaai  wavelength  frequenclea. 


revo&l  ujt>r  Anriaclons.    ^P^clf le«liy t  he  aitld: 


/ 


V 


-  T 


713 


The  toJlo  telescope  revvuL^  4  very  illffttant  uilverae  ^'han  ^o^^ 
optical  teleacape  while  ob^qrvAtl^n^  frou    apace  of  th«  shova 
ue  the  h^h  energy  phenoaeju.    Qaiy  by  putting  tog«th«r  oil  of  thU 
Lnf^toatlon      ve  got  a  coapreKena L\fe  picture^    For  oxaa^l«i  ^  clu$tet 
of  KaUxles  uhen  ob^ttrved  In  the  ^ra^  region  ah<>w$  «  cloud  of 
hot  tliffuae  Sa^.tn  whlth  tht  optical  giUxLe^  are  LBD«r««d.    la  ttic  tadLo 
r«SLoni  r«dLo  bright  S^Laxte*  often  show  LatSe  Lobes  of  non'theroaL 
gaa  auch  larger  than  ttiA  star  ftllc^l  uln  body«    Xtut^c  radio  lobes 
ate  doe  to  the  ejectt^d  at  verjr  high  Vbiocltie^  of  cattef  froa  the 
galactic  nuclei.  In  a  ttuftter  thttae  r«dlo  lobes  an  tiooetlaca  ob«etved 
to  trail  behind  due  to  thA  sotlon  of  the  galaxy  tKroii3ih  thf.  Inter^tactlc 
udluB.    Only  bgr  ob«r\ratIona  In  all  thne  aPectral  regions  can  theao 
^        ptoceaaes  be  underatoodtr 

Dr.  Ceor£Q  Field  was  chalraan  of  the  Hatloiut  Acadeay  of  Sciences' 
Aatronoay  Sur\fe^  Comatttoc*  ^hlch  ^de  recoundattona  In  Its  re  Port  Aatronoay 
and  AstraPhYalca  for  the  ISflfta.  for  two  major  lnitl«tl«s— tht  ntf  large 
baaellne  atta^  radio  teieacoPei  and  the  new  technology  tele  scope—to  carty 
<Mit  reaearch  across  the  enti^t  elect rooagnctlc  sP^cttUQ.    Overall  tbe  report 
r«c0dD9nde4  prograu  which  would  coat         bllUofi  In  the  dtcsdt  of  tbe    "  ^ 
1980s^   This  would  r«(iuirt  a  sustained  30  porcent  Increase  In  funding  far 
the  HSF  Aattonoa^  DlvlaloD  ptoSraoa.    together  tht  two  tel«acoP«a  would  c4St 
$130  allUon.    I>r.  rittld  said  he  was  pleased  that  ITSP  vnitd  be  doli^  work 
In  fiscal  yoar  1984  on  both  of  these  telescopes*- 

T>^-  Field  noted  that  the  Aatronoa^  Siir\fe^  COaal'ttee  h«d  aad«  ether 
tecoamendatlons  fer  Inst nraentat Ion  dettctorai  thtory,  and  laboratorjr 
astrepb]ralc«<    lit  wjs         pleaatd  that  there  were  no  ar«as  In  whleh  the 
NSF  budget  was  inresponsl\fC  to  the  report'a  recoaundatlonatr   He  cautioned* 
howe\reri  that 

,  -  -  -  tbtre  will  need  to  be  aubstantlsl  IncreascSi  starting 
In  fiscal  ytar  t^S5i  In  order  to  proceed  with  the  ordotl^ 
coostryetlon  ef  VLBA  hTT,' 

The  tiatlonal  AerO'UutleA        Spact  Adatnlst  rat  Ion's  budget  for  astronoa/i 

Atcordlng  to  Dr.  Fletdi  '^does  tu>t  respond  as  flrst^  .  *       evtn  though  It 

1*  <ur  belief  ^^'^  *■  coaparahle  effort  1«  teqiilr^      ITASA  as  gl\fen  b^  HSFi" 


IV,    RESEARCH  iHSTRUMEWTATlOH 

The  third  day  of  authorltatlon  hearings  focused  on  HSF's  InstniHntatlon 
ProErao*  for  fiscal  y«dr  1934  and  the  l*«ue  of  university /Industry  relationships 
in  the  area  of  InstrvDentatlon^  Witnesses  t*eroi 


714 


714 


Dt.  Edvfttd  A.  Kn^pp,  NSF  Dlrvctotl 

P^ncl  on  Inattuaentatton  BevttallzfttAoni  Ttie  Unlveralty  View; 

or.  Donald  LAc^enbflr!^,  fonwr  HSF  Deputy>Di rector  «nd  Chancellori 
University  ot  liUn^v  At  Chic«g^r^ 

/ 

Dt.  Atvin  Li  Kwlrup  Chair^ani  C(>uncli  iot  Cheaical  Reseatcti} 

Dt.  Ceorgo  C.  Oison,  Vice  PtD«ldttnt  fot  rcM4irch,  Color4di>  St*te 
UnivetftltJ^; 

Panel  on  Induatty/milveratty  Ptj^ran>  In  inatruaentatlon 
Ot.  Cetaii  Kantelii  Alt  Product*  and  cticolcaU*  Cq.} 
Ot.  Ftederid'  Datoclii  E.t.  DuPOQt  Co. 

A.    introdoctloni  Diaenalon*  »f  the  inada'luacy  Of  Rcaearch  tnattuatntatlon 

tn    hia  openic^  stM   'ent  Congteaaaon  Ual^ten  .noted  that  Last  ycar  tha 
Coaaittee  heatd  teatinany  l^^^l      vouid  cost  $i-A  billion  to' reoedy  the 
shortfall  In  vtlvet»ity  instmoontatlon.    Eot  «  tecent  study  by  the  National 
Society  of  Ftofav«lonal  Englncora  teportftd  that  engineering  In^ttuctlonal 
l«bor«totlea  alone  uould  need  SI. 2  billion  Jii«t  to  teatote  loatnitKntatlon 
duality  to  a  condition  coaParable  to  Ita  condition  In  1971*    An  additional 
$1  bllUoR  tfottld  be  needed  to  puCchas«  the  oQulP^nt  needed  to  cope  ulth 
Incteave^  student  entollunt.    Thu^  the  eatlaat«d  coat  fot  englneetlng 
tnattuoKintatton  alone  u  <"^t  s2  bllUon. 

DutlnS  the  subsequent  testloonyi 'witnessed  gav«  additional  evidence  of 
th«  eo«t  of  upgrading  unlv^ralty  InvtrujvntatloA.         Director  Knopp  cited 
a  I9ai  study  by  tha  Aoerican  Association  of  Unlirtrflltle*,  which  reP^tted 
that         billion  would  ht  t^qulted  over  a  thtee  to         yeat  pctlod  to 
upgtade  1  istmacntation  jtlOO  leading  acadealc  teseatcfi  Institutions*  MSF, 
he  said,  ha«  begun  to  itevelop  indlcatora  of  this  problea.    Iho  agency  finlsh«d 
a  pilot  «tudy  of  33  Inatltutlona  In  A  »ubf ielda>-organlc  cheal^tty*  cell 
bloloaVp  8olld-«tste  physical  ^nj  electrical  englme^tlng — wtilch  Indicated 
that  only  on4-half  of  the  reiedCch  equlpwnt  in  theae  fields       losa  then 
tlv«  y«ara  old  ind  that  65  petcent  of        ^qulpoent  vaj  acquired  with  Fedotal  or 
pattiy  Federal  fuods*    As  another  Indlcatot,  Dt.  Kn«pp  cited  the  great  deiund 
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far  Ffcdecal  Aid  to  ioPrav«  ift»trtiiw«t*tlon*.   Specif  IcaUyi  Jrt         the  Depacc- 
oenc  of  t^^Nnse  ^naounced  i  $30  alLlton  tn»[ cuo^ncac ton  suPporc  pcogcdn. 
Buc  DOD  bai  received  propaAdl  nqufiaca  to.,4Ltr^  $W  AlLlton^    Dr.  Donald 
LningentwcSi  fortatr  NSF  Deputy ^-dttfector  And  nov  ChaacelLoC  ac  che  Unlvocatt/  of 
iLltooLs  in  OilcaSoi  h1<1  Chac  che  propsaU  DOD  received  uBca  noc  «  frivolous 
w^h-Xfuc  because  ths  DeP^rcKnc  encoursgfid  cosr-shsctng  by  che  pcopostn^ 
tnscJtcocloni  «nd  it  w«s  very  costly  to  wrtce  che  pcoposAl** 

**eflcl3f  all  ultnesses  described  conpeqiwft^es       Inadr^luate  infttcuitencacion 
iti  i:h«  K^[ton*s  untverstcy  taborAcorles*    typical  «[e  Dr^  Kttapp'a  ^oocaenca: 
"InveactgacorB  In  vtrcually  avtTy  fiald  of  sclance  and  «aEln«ortn&  ace 
incrtasit^ly  dependent  upon  resejicch  Inscrunoncatfon  Aa^  cooP^tor*  if  chey 
ae4  CO  conduct  teadtng-^dEc  research  in  chelr  dtsctpltnes* "   UP~co-date  ttiscru- 
iMncsclon  i'  taporrant  foe  boch  tha  qvallc/  of  science  chac  can  be  pursued 
and  cho  afflcloncy  af  invesctAecocs  and  thatr  ability  co  ccaln  grado«[« 
scudsncA^    Or*  Knapp  tlljsccaced  che  lEiPO[[«nce  of  uP^to^dace  tnscruaencatton 
by  cfclnS  che  dovelv  'oenc  and  use  of  a  ehar^^d  coupUd  deteccoc  acc^yi  which 
VS9  Atuctal  for  rettalp^  optlcjtl  and  r^dto  celeffcopctf^  and  cb^  nuclear  naEAotlc 
[«sonanca  sPect[oo«t«ri  uhteh  allo'js  a  rr7»«rcher  to  sttiJy  UvtnS  0[gantsv« 
non- Invasive  if, 

Fedeial  SuPl^ri  piofiraps  foi  Inflmmcnij^tOf^i  SPeclilcaliy  che  ^sF  ProBrag 

F^^cal MaPporc  prograns  f^c  tnscruaencact^n  ara  jaall  In  coop^rlson 
to  csttA&ccd  ne«d»'>    AccorJtr^  co  Coqgr^s^un  (falgren^  Prfistdenctal  science 
advisor  George  Koywqcdi  tesclfted      che         Coustltceo  tliac  about  $400  allllon 
of  che  ^^^^  F^decal  bud^c  foe  ^stc  res«areb  vould  go  co  Inscruaencatton* 
MSF  jtlL  Bupply  about  45  percent  of  chos^  ftmd«i  tncludlnS  a  new  $180  Qtllton 
Inlctactve* 

Dc^  KnapP  said  thac  che  t^SP  ft»c«L  ^eac  1984  budget  retuasc  vculd  increase 
funding  foE  itistruaintscion  by  61  pecc^nc  over  198^1  [h«  increase  U  an 
Adttinlscraclon  iulclaclve  and  U  aft  "add-on"  co  cbc  liSP  b^dg^c^    In  re- 
•ponse  CO  a  <luescion  fcoa  ConflrosSKin  Judd  Creggj  uc,  Knapp  said  thaw,  che 
NSF  progr'^a  vllL  noc  «oIv«        InscruMncacion  pcoblea,  bMc  "I  chitiik  [«ken 
aa  a  whol«i  vich  aH  ^f  the  agencios  funding  inscruottntation  ac  an  enhanced 
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tAte  for  the  tyext  fctf  yttt*  »  *  *  vt  will  b«  able  to  oak^  a  fair  laproveDcnt 
Irt  the  prohletit^    Dr.  Knapp  »u3sartted  th«  hl£hltghr»  of  KSF*s  propoflc^l  ft«ul 


0    A  tiew  equlpKnr  pto^raD  tn  ^n^lne^erttift  uhtch  vtll  t«<titiR  oatthlng 
fund»  trot  trt(lu«rry  and  the  Kfarttee  untvtrsttyt 

0   An  tiutrvHnt«rtort  prograa  In  coapurcr  r«a&ar«h  to  provide  support 
for  ^he  p^rchASQ  of  alntcotPutera  hj  individual  invesri;gatorst 

o    Partial  support  for  the  «c<iui»ltion  of  a  iwv  sub-nil  line ter  and 
ait  optical  releflcope  costing  in  rh«  $1  "  $2  atuioa  ^artg^k  As  v«ll 
Aft  fiuPP^rt  for  laproved  reccivecs  and  processing  «quipa<^ot; 

o  Expansion  4'  auPport  o(  research  and  et^uipoear  the  Cornell 
Eleccron  Srorage  Ring*  the  11  linola  Clecrron  Accelerarorr  and 
the  Indiana  University  Cyclotron*  and 

o    Inve^tacrtt  in  ^ochcsital  InvcrvaentariDn  vuch  as  aoss  spectro-' 
wtera^  electron  beas  Insttuoenc**  and  geophysical  detectora  to 
upgrade  «nd  tePlaco  research  eintpsent  In  the  earth  sciences 
tupporred  origin<^\ly  hy  KASA  aod  th«  DOD  over  a  decade  ago. 

MSr  *upport»  instniBcntation  four  vays.  according  ro  KnapPt 
(1)  ftlnSle  inve«rlg«t»r;  (2)  oulrluserysuLtigroup  projecr^*  '3)  14  regional 
in!»tnitKntatl</n  faciiltle*.  tad)  focusiDg  on  one  scientific  ar^a.  such  39 
aaterialat  '^.nd  W  ^  liaitod  nuaher  of  such  largt-scale  faeilitiea  aa  Kitt 
Ptak  ^fatlvllai  ot^vaervaco^  and  ttie  tfational  Center  for  AtEM>«Ph«rie  Research^ 
On  the  averaSek  over  10  percent  ot  funda  MSF  awarda  for  reoeareih  go  for 
research  vivlpocnt*  vtth  th<>  cwict  peteentage  ^f^tyln^  fr^  ditettorate  to 
direcrorate^    Th«  ^H^cy.  caanet^  however^  eaally  track  purebasea  of 
in*trvp*ntat Ion  bcc3*ifft  afttr  fund*  are  awarded  w  a  urtiveraXty  profttB«ork 
"title  to  rhc  e^uipacnt  dooa  transfer  to  the  itnUveraity  that  gets  the  grant." 
Soee  uimeaaea  'uggeated  that  H^P  set  porcentage  quotaa  for  funding 
in  each  directorare.    Dr.  LangenbarS  responded  that  N$F  need«  te  be  (Uxible. 
^ooA  directorate*  tviuire  mre  inatnioentatton  fundi^  rhan  oth«r^>  There 
WAS  ilttle  or  no  dittcusflion  In  the  hearing  about  tha  laauc  of  hov  acadc&ic* 
theoaelvea  n^y  brlc^  on  the  instniEwntation  probiea  by  chooaiog  aot  tg  pur^haae 
equipaenr  virh  their  research  fund)* 

Dr.  KnapP  noted  that  the  National  Science  Board  edoPtcd  a  Qtateoenr  in 
January  iW*  which  ha*  ths  effecr  of  teliine  NSF  grantees  that  it  Is  contrary 
ro        poilcy  for  thea  to  nae  tfSF-^aupported  reacareh  inatrueentation  or  facil- 
ities      provide  servieea  for  a  fee* 
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A*  for  otktr  NSF  pro^r^a*,  tht  4£flnc^  hfli  cKp«r iq«f)ted  wltfc  cncoura0£nS 
private  io^ttuxnt  «naf^ctut«ra  to  sake  contrlbutlDii*  of  eiutPqentr  oft  a 
oauhtof  biMr  to  urttvur»ltittf.    Thl»  effort  was  aaactlon^  by  a  Hattoflal 
Stlence  *oa'<l  «ate«nt  of  Ottolwr  i9S3.    CotiBrtssoflii  Jot  Skeert  ^ueitloned 
w9t4th«r  tho  Foundation  hftd  tocwntcred  Protltoi  1(1  finding  corporAtlons  vllUi^ 
to  ukc  QAtthliK  Sranttf  of  Any  kind.  Apparently  tkcrc  have  not  bttn  Probltiu  lO 
farr  but  tkt  {KJttfltlal  do««  utst  for  pitting        Mhool  ^aln^t  anotbtr  la  tht 
quMt  f«  IndtrttrUl  iupport*. 

Activities  of  tht  Interagecicy  WorklnS  CrouP  on  tfnlverfllty  Reafcarch 
InfttruBcnt^t Ion 

c 

Or*.  Knapp  and  Un«enbet£  dc^tribtd  the  activities  of  the  HSF-^tg^nifed 
IntttdSvnty  Workl^B  ^oup  oa.  Vntvetstty  Research  Inst ruE^at«t loo ,  «h«trcd 
*   the  H5F  Director^    It  t*  coaposed  of  rtpreaentattvaa  tt^ia  a^enctea  t^tch 
together  provide  over  95  percent  of  Ftderal  aupport  fot  uAlveratty  reaearebi 
tht  DePattDcnt  of  l>aftn«e;  tht  OePartsKtot  of  Health        tEtiaan  Setvtea«»  the 
Dep«rt(KAt  of  enetgy»  ttta  Depattocflt  of  Agtltulturt*  at^  the  N«tton«l  Aetonauties 
Ar4  Space  Adain titration.    The  group  has  icvtlof^ed  in<tlc«tor«  of  agency  fundtns 
for  tnstru-untflttoD,  which  'hov  an  tntreatfe  o£  $t36  Hilton  o^^r  the  iast 
tvo  yearar  accotdli^  to  Dr#  Lan3enbarg.  Ctb^r  aettvttles  have  constated  of: 
revUwif^  the  Proctaa  for  i^l«9«ttt£ttg  th«  VOT>  tnatruuntatton  prograa  btgun . 
In  the  fiscal  year  1983^'  dtac^frtng  pOaslblt  atcelerated  coat  rtcovery  proposals 
fot  univeraity-fundtd  tqulPccat  purebaae;  «nd  4tatu«a£n&  eaneerns  by  coBosrcial 
labor«totie«  about  toapetttton  fr«  unlveraltlta  ualflg  H5F-£uad<td  tnstrusienta' 
tloD»    ^  itddltionp  ttle  Sroup  adopted  a  nultlfaeted  aetlon  prograar  auaaartzed 
on  chart  It 
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CHART  1.    InteTflgin^y  UffTklE^E  ^OMp  on 
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tvr.  l^n£cnb«tg  bM  that  uniifet«itie4  chfiB9«Ivfi«  haw  xa  t^ko  vtcps 

"In  thii         of  a«naglng  jic^ui«ltlan*  ailntonah^er  and  u«e  of  rcH^trch 

equipaenc."   The  IntotA^encS^  ^oup  la  woTklf^  on  a  project  xa  helP  unlver'" 

«itle«  iiH  the  tesourceft  the/  havs  "t^re  cfflcentiy^  vlffeiy  and  ereativ«Iy*; 

Koftt  of  the  ageDeles  repr«*ont«l  in  the  Intetagency  Croup  have 
coa:ittte4  thci»*eiv«B  to  eolLkboratlve  aupP^rc  of  a  maJot  project 
to  Inereaee  jiwareneBft  aaong  tvaeareh  Uijltfet^itles  of  opportuitlcl«fl 
^  ^E5F^  1 1  er^la  nni<^-aai-aadafteflftn!^f  teacafth  iMtjmaentac  loa 
te^oureea^  at  all  leveLa  frOB  th«  bench  flOlontl*t  to  baifd«  ^ir^ 
tRiate«a.    Ttie  piojndt  vlll  be  cArrled  out  iA<ler  the  Uaderahlp 
of  threo  university  orSdnisatloflv^  the  Aaaoclatlon  of  ADcriean 
Univeraiticar  ^he  {National  AfSoeldtlon  bf  State  Dniv«TftltieE  and 
Land  Grant  CoiLefie«r  4nJ  the  Council  on  Covernaental  ttelaclons. 
Ic  will  intiudo  the  eoasda^lonlng  of  lix  analyaea  to; 

o  the  tole  of  debt  flnanclnS  fot  te»eatch  equlpocnc 

in  Aound  univcT«ity  financial  practice) 
0    identify  and  evaluate  opportunltlei  to  iaptov«  the 
procurcaent^  n^nage^nt^  utilltation^  operation^  and 
laalntcnancfl  of  rocareh  c^julptaent; 
o    aftseaa  preftont  tax  Ineentlvea  for  the  donation  of  Tv- 
seatch  equipntent  and  auKSeat  uaYa  to  Inere^ae  support 
froa  the  private  aeotoTf 
o    Indentify  opportunitiea  to  oilalnate  of  reduce  fltat«  and 

unlveralty  budget  nnd  otb<^r  Policy  bdrrl^raf 
0    Identify  opportunitlea  fot  ehai^»  In  federal  regulaUoit^J 
0    evaluate  preaent  oode«  of  direct  federal  Inveitwnt  and 
sugSCat  futute  IspToveKntB^ 
Al0o  Included  are  plan*  plan*  to  propagate  Inforutlon  and  undetetandlng 
trirough  twenty  aealnaT«  scheduled  to  eolnclde  with  professional  and  aa«ocla' 
tlon  aeetlogSr  thtee  regional  oeetingi  and  a  national  ayapoalun. 


710  p^^l  C  J-x 


719 


As  tf^toUicr  project*  the  Intctagcnc/  (^toup  li  copvldcring  gl^if>g  univvtsittcs 


Acceo  to  rcuarch  Instrusentitlon  at  national  Iftbontortefli 

Th6  laboratorie*  nuPP^ttcd  by  eaany  ^eocies  of  the  Pcderal  Go^rn* 
s«nt  arc  a  sajot  nattoital  sclentllic  rcsoutcc*  absotb  a  large 
p4>ttion  of  the  F&iet^i  R  and  D  bud^tt  and  contain  a  great 

of  highly  Aophtsticattid  tesearch  in»truKf^t«t£on*    <^Re  la 
le^  to  aak  uhether  thtv  Instiuuntat Ion  olght  »re  clfectivcly 
be  fidde  available  to  uotvetaity  rcaeateh^ta*  uhere  leaslble* 
than  it  now  ia.    In  soot  fields,  svch  aa  high  energy  phl^sicft 
aod  ratr^noav,  protffsfoo  of  factUtfc^  and  inst rubentatlon 
already  fa  tnc  central  purpose  of  fe^craliy-f vitd«d  jUboratorica. 
But  la  other  fi«id«  and  in  other  Uboratorlea^  tt  aay  be  that 
iaborato^  facilities  and  inatiuuntat ion  (^s^^  ^  uaed  by 
univer^it!^  re&c^rcheta*  without  cosproolsinS  (and^  Indeed^ 
Perhaps  cnhancic^)  the  performance  of  the  laboratory* 


D.    Uolveralty  tfiewJ  on  the  laauc  of  Roaearch  ipatruttentation 


Dra*  Lac\genberg*  Alvin  L.  Kwiran^  and  Georgo      Oi«on  testified  on  the 


vnivenit!^  ^iew  ^  instruaentation* 


U    yjawa  <>n  th!S._Ifta_deatiaCv  of  tnattugeotation 


Vt*  Atvin  L.  Kuiraa  focuaed  aPeclfically  on  the  atatc  M  i fiat rueentat ion 
in  the  Hation'i  acadcaic  cheaiatry  laboratories.    iUi  rePrescnt^td  the  Council 
for  Chealeal  Reacarch  (CCR)^  a  non'Ptoiit  conaortlua  oi      co°1^niea*  having 
total  Jalea  for  19Si  asounting  ta  about  $400  bitlUn*  "rouSlily  l5  to  20  percent 
of  chi^CNpr  «nd  1^7  uoiveraitioa.    The  Purt>Oac  of  the  Council  ^*  to  enhance 
the  envl  ronent  fot  baMc  reiearch  and  joint  cooperation  in  ^eaiitry  rcseatth 


becwcen  ind^atries  and  univeraitiea. 

He  «aid  that  obsoieaencB  In  dCadcaie  Vesical  Inatrueuntioii  ulll  lead 
to  continued  croson  of  U*S.  research  conPet Itimnesa  ^nd  ii^ternac tonal 
cconcnic  vttaii^*    The  oboolente  o£  qnlveralty  inatruoentatlon  allccts  industry 
at^ee  fewer  students  ate  trained  ulch  tho  Istost  cfjcilpoent  and*  consequently^ 
there  la  a  decrcaae  In  the  Innovsclvc  capacl^*    Ite  gat^  aoic  gtsiphic  details 
on  the  aagnicude  of  the  eoatl!^  shortfall  in  cheiUst^  Inat ruoentatloii*  197(> 
It  took  $10rOOO  in  ncv  instiuoentatloit  coses  to  "start  up"  a  ncu  faculty  acsbcrf 
thac  ssu  Bcaber  needed  oeccas  to  $100rO(>0  of  pooled  dcpsrt«cot^I  cquipocnt. 
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T«dl«y  nw  faculty  "tfctrc'uP"  Inttruodnrttlon  co«t«  are  SiSO»090»  wttb  access 
ro  $1  Allllon  vortb       ftttsred  equlpaenc.    T)i«  Incrcjiae       saH  la  hoc  all 
iPfUrlonary^  Uit»  ln«r««dk  refl«crB  ch^^ft  In  the  vay  research  1«  jonc. 

2.    view  on  Unlveralty  ReaPonalblUtlaa  for  Fundm  TnatruMntat Ion 

■  Sevecal  of  che. vlcncaae*,  a^oi^g^chat  Dc.  Kwlcaa^  Olton^  Cftc^ld  KAcitell^ 
and  Fcad^rlek  Damftll>  atld  cbac  che  idosc  aPpcoPrlate  type  of  fedectt  concclbur 
clon  n>  unlvCTtflclea  uovld      an  Increase  In  direcr  uippocc  for  In^rruiMOcacloat 
Hotfavttrk  Dr.  Olson*  Col^^rjido  Stace  Unlveralcy^  vaa  also  a  PcQpOnenr  af  che  u» 
of  dftbc  financing  for  calverflCy  equlpoenc  needs.    Thla  ^ppcotch  does  noc  being 
«nT  n«v  tMney  Inro  ifitt  unlverslcyt  slnc«  Iqaq^  need  co  be  repaldt        Olaon^  ^ 
aaked  r)i«torloaliy»  'Isn^c  Ir  tlw  ve  |unlv«r5lrle9j  htflp«d  airtfelvs«?~ 
0«bt  financing  hat  wocked  ar  his  Intrlcuclon^  leajli^  cbut  fac  ro  pucehasea^. 
cocaling  $40  sllUoa.    In  parclculark  Ic  «nabled  ch«  unlver«lc3r  lo  beC0Q« 
soaerblng  of^a  cotipurer  csntec  siacct  u«lng  debc  flnanclnf^  Ic  pmchased  a 
atace^f'chd-dcc  CRAY  I  coapucec  sytrcok  In  tba  Ute  1970a,  uttlch  It  Ie4«e8 
[Q  the  Hatloaal  w«n[«r  far  Aciioapheclc  Retfeaccb  and  tfevecAl  unlvecslcica  In  cha 
Saclon  via  «  national  c<»pMcer  netvocV. 

Olaon  outlined  cho  betMflrs  of  debt  flnaaclpg  of  sctfnclflc  <4ulP°ent.  let 

(1)  Provides  elglpoenc  nov  vh«n  xt!  1*  neededF 

(2)  encoucat^^  b^crer  sanageaenc  by  urilvecslcy  adnlnlsccacacs: 

ii)  [e5al[s  In  Xopcoved  equlpaenc  ucllltAtlon  Ulnce  It  uftttally  r«lalr«« 
ahaced        by  several  resesrcher^))  and 

(4)  dttvetops  divecsXfled  funding  supp^^tk  Including  u«er  dittcge«»  foe 
e^ulpaenc. 

Sevaral  ^nclrely  cdx^^enpc  sechanlaoA  ice  used  lo  finance  ch«  debt  flnaoclng 
[«d)nlqtMf  IncludlnBi    revenue  bondsi  Induacrlal  devslopoont  bond*:  sunlclp^l 
la a8*-Pur chase  concco^ts*  And  cajt-cKeoPc  revolving  lines  of  ecedlc  ac  local 
bAnks  (used  foe  saall  pieces  of  equlp[Bao[)f 

Th«  boccoved  Doney  la  cepald  pcliurll)^  thcouAti  user  fe«s  for  boch  principal 
«nd  Inrscesc.    Tha  unlvecalc)^  utfes  »n  sfflllstcd  a£AnCy»  che  Cnlocado  Stace 
Unlvccalcy  Reacsc^  Foindatlon  eo  oimLSt  dcbc  flnsnel^  because  'until  iha  recenc 
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tmftnA^nt  to  OMS  ClrcuUr  K*zif  ifit«r«<t  on  viulPaqnC  fin«ocing  tr«f  Mt  all«w«bU 

[as  am  overbe^d  Co*t]  unles*  tha  lii<cruaenC  tr»  leB»d  fron  an  ara'a  length  agency. 

Dr.  olion  aUo  4«>cribe<]  Che  <]ifficuiCi«»  of  debt  finaocin^: 

fioancitift  i»  not  ea«7         rvlulre^  Cb«  ^a^Qlpul^riona  of 
DAity  dlff«r4nC  Idiuls  ol  fWiiei«l  in«CruwnC«*  Ch«  cooPeeatlon 
of  invetCiMiiC  banl;erft  Co         unrated  "story  bonda"  or  'ftCor/ 
Mper'l  «ndf  fin«li/*  Cbo  CAreful  and  exPenviv^  ^Inloti  of  tu 
Counael.    Tli«  reqvir6q«nCa  of  OHB  circular  WL,  coDPleUCiea  of 
th«  IRS  ti^de,  and  the  InruDberable  lltS  rc^uiatloiiA  dlacoura^e 
Qiny  univeraiCy  ad^niatMtoeft  froa  going  f«rvwrd  trlCh  «n 
equipaent  flnandns  prograa* 

De.  La^ab«rg  endoeacd  cho  Idea  of  debt  flQanClttg*  but  «aid  unlveralty 
coQrpCeolLera  would  n<ti  feel  ^sforCable  using  *uch  a  oechenlsa  Co  buy  «quipiient. 
Dr.  Ol«oit  ^r««d  but  «atd  ciuC         Ahoui-*  Cake  a  bu*in«ft«man'8  approach  and  b« 
triiiinS  to  aaauoe  a  certain  aeounc  of  risk.  Dr.  Ktrlras's  reveevaCion*  verc  on  Che 
«r<Modi  that  s  «Jor  user  of  the  purch«$ed  fftuipcMnC  couLd  puii  out  «nd  Chen  tt\< 
univerait/  would  bo  hard  Peeated  to  p^^y  the  debt  incurred. 

ALthovflh  the  univfeeaicy  now  uaes  tAX^exeApt  financing*  t>r.  Oiaon  laid  debt 
financing.  uainE  «n/  kM       funding  aechaniasv  uoiild  be  ea^iee  if  iegiaiatlon 
uoee  enacted  to  «a«nd  Sectioo  103  of  Che  iRS  eode  Co  aahe  atiy  kind  of  funding 
CaK-e>»(»Pt  foe  univeetity  eqaipoenC  puechaaea.    He  Proposed  iegialaCive 
lsnEuag«  to  accoaPiish  Chia  g«ai.  ^ 

Mr.  Ore^ft  ^ueacioncd  whethee  addicionai  coat$  Over  and  above  coscs  of 
dieecC  granta  for  intCruo^taCion  uouid  be  incuered  by  taipiyer*  tf  debc 
finnncins  trerv  Mre  trideaFfetd.    Kr.  Olson  s«id  he  bad  no  ide«. 

CongeeasaaQ  Budt^KacKa/  ga*  concerned  about  Acc^ntabiUt/  and  vheChor 
equipoent  purchased  triCh  Cai^xeapt  dolLara  for  hiShcr  education  coulxt  be  uted 
for  aOfX  puePose*  such  4$  bu/lnf  a  ftae.  OChers  uondercd  if  aceounCabiUt?  aiShc 
noC  tte  aecured  betCer  if  finding  trere  appropriated  directly^  froa  ^SF  oe  [>0t> 
for  equiPoentf  rather  Chan  indieectiy  vis  Cax  exCBpClona.    Dr.  oUon  s«ld  chaC 
foocbaii  aCadiuu  4ee  boiiftHt  gich  CsK^exeapC  bonds  and  'I  iust  tranC  Co  be 
CreflCed  as  veil  as  a  fooCbaii  sCadiuo  that^s  all.' 
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I*    Vltvs  on  CorP^ratg  Contributions  to  Utflwr^ltle^  for  Inattuaaitatlon 

SevtrAl  vlovj  «vro  heard  on  th«  topic  of  corporate  contributions  to 
•universities*    Discussing  the  cheapest  sr^Ap  Dt*  Kvlr^ta  ssld  tlist  Is  ver/ 
difficult  CO  convUce  cticalcsl  coaponlcs  to  donate  to  unlv«tsul«9t  To<l4/ 
chealcsl  fins  donate  about  $20  ollllon  snr^ally  to  unlvtrsltlos^  ID  p«rc«nt 
of  the  Fvdcrsl  total  for  chetalstry*    Ihcy  slglit  beSln  to  aoellorate  Instmaenta-^ 
tlpn  probUo  11  tti«y  IncriMSed  th«lr  contributlonfi  hy  about  $5  allllon  annuall/p 
vlth  Ah<M^      percent  of  that  going  for  the  support  of  lQ»tru«ntatlont 

2*    ScvarAl  mods  of  Corporate  StiPi>ort  to  Urtlversltlca 

Dr.  C«rald  Hnntclli  jSAoclato  dlrobtx>ti  Corporate   Ete^e^rch  Services 
OePartHitti  Air  Products  ^nd  Ch«&lcaLs»  Inc. ».  doscrlbed  hlQ  flra's  Innovative 
Instruocntat  1^  «trjin;^<>a«nts  vlth  t         jnlv«tsltyi    FIrsti  the  two  JolntlT 
established  a  c^dern  Instrument  Uiborato'>"'~jt  ass*  ^P^cttoaetry  labotdtory" 
in  uhlch  the/  vharod  tht  costs  for  equlPeg^nt  and  usei    The  second  example 
concerned  a  progta«  In  which  graduate  studonta  ar«  alloved  to  use  the  flra*A 
Insttueutita  and  consult  the  flrtt'«  oxporta  on  a  Joint  rese«t«h  ptogras  In 
Cdulslon  po|/Krs.    Dr.  Hantcll  ssid  that  the  flm  benefits  fron  tbU 
of  a^ran^oent  since  the  students'  questions  stiaulate  Unas  ol  corporate 
resfinrcht    A  third  kind  of  arrangeiMnt  Is  leverage  froa  a  f  ira'^upptlcd  grattt^ 
Specif lcally»        university  ic^raged  a  contribution  of  $^OiOOO  from  the  fira 
"toward  partial  payoont  of  on  InstruDcnt  to  obtain  iaaedi«te  delivery  of  the 
Lnstruaent  and  Its  full  use."   Uk«        Ol^on  Ih  tho  lEiattcr  of  debt  finsne*  gp 
DKt  H-tntoll  uid  that  arrangeacnts  of  this  sort  Involve  coaplex  negotiation 
Aibd  slSnlflcant  n^unts  <ti  personnel  tloe  to  coaplete. 
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fuitding  ^ftrav  for  ln»trM[Hiit«tlon*    t\t  ^aid  DuPont  wis  the  nr«t  Industrial 
corpordtton  to  ln»tltut«  ^  f«rui  co^atAte       progr^a  to  suPPo^t  higher 
education  In  A<^lenc«  «nd  engineering*    In  |983  DuPont^e  support  to  higher 
education  totaled  $10.6  alUl^^n*    The  flnsS  higher  education  gr«ittft  ^re 
unreatrlCtedi  tut  at  le««t      Percent      to  «clcnt«  AQd  englneerlngi  «lnC« 
fiBido  ar«  awarded  to  octeoted  dopartaento*    ThC^c  funds  ntn  not  nCceafl^rlty 
targeted  for  equlpKnti  so  th^tt  unlvetslty  departacnts  cnn  decide  thesselvea 
hcv  to  use  the  a>ney  Doat  ef  f eetlv^ly* 

The  c<npW  also  aMmrded  sranta  a^d  contr^^^ta  tctillrtg      niiuea  In  ^ 
I983t    It  often  places  so«  tfes  on  «uch  avardsi  for  lh«tonc<t  aaKln^  for 
patent  rUht*  or  ocluar^Atput«*  . 

_  .    .    oT^^J  Dr#  OUon's  Idea  of 'uiilVQr«ltle«  doing  thing*  fn  a 

bote  buslneoallke  aanneri  but  ^aM  that  onencumbeted  Federal  btoc  g^^nta  to 
unlvorwltlea  vqre  tho  a^^t  effective  fonas  of  afd# 

a*    Matchliifi-  unlveralty/eorPorate  Proaraaa,    Hatching  urlveralty/ 
corporate  pr^^raaa,  with  brokCrlf>g  hy  NSF,  arc  rare  In  the  chealCat  Indunrr* 
Dr*  Kwlraa  aald*  be<auae  ehoi^loal  lln^  do  not  <ukc  equlpoent^  ap  the  Conputer 
Induatry  doea,    Vauatly  cQulPtunt  donated  b^  ChenUat  flnss  la  ot<etCte»  that  la» 
five  years  or  older.,    Dr#  Kvlract  outlined  the  pros  and  eono      acveral  aj^tcrna- 
tlvea  for  auppert  that  the  CCR  haa  been  vorKlng  on.    tbeae  atternatlvca 
Include: 

-  a>rc  debt-flnanClng  by  univarsltlea^ 

-  reffneaent  of  the  Econoefo  Recovery  Tax  Act  of  1931  to  encourage  ure 
flraa  to  donate  core  oqulpaent  or  oqulpnent  purchase  funda  to  uolveraltlea; 

-  d^vctopsent  ef  a  coepcratl^^e  vanture  aabn^  the  Federal  Covernaenti 
the  Statesi  and  and  Industry  to  provide  oaUhlng  TundSi  with  the  added 
lacCntlv*  ef  the  Federal  ahar^  Increasing  at  a  Carter  fatC  thnn  the  Corporate 
ratei  but  dependent  upon  the  eorporatC  rate  of  gTvlCig;  and 

-  estabUshunt  of  a  aet-'a«ld«  fund  aa  a  percentage  of  the  Federal 
fmda  dcafenated  fot  tareeted  and/er  alaslon  erlented  R  and  D  (Ti  fti  and  D) 
fer  Inatrvventatlont 

Dr#  KwtraM  endoraed  thl^  laat  Kilternatlvet 
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If  of  CCt^t  I  would  tike  to  ur^«  that  sucTi  an  appto^ch  b« 
serious  cooald^ cation^    A  *at-;iatdc  of  oao-hatf  of  one  percent 
TR  and  I)  bud^ftt  plus  ^n  <iquiv«i«nt  vaount  <«es«vhaT  over 
Dtl.J[ion)  aiiocated  dire^tiy  to  NSF  wouid  ^pt«a«nt  ait  approprletv 
atfe  ttr^bta  probica.  _  '■ 

t,  tight  now  he  ^aidr  direct  fundi'^  by  <;ovQri]«i«nT  «eeKd  to  be  the 

aciott0  And  expedient  routQ  to  mPPOtt  the  purcha«4  of  itev  inattuoen- 

urecd  the  eoBAiittctt  to  increase  NSf^s  funding  for  ehemtscry  tn- 

on  froa  $6  otliioA  to  $60  mliiton.  * 


He 


b.    Better  tax  iifcentlv^a  wottid  itfcCreaBe  corporate  nupport.    There  «afl 


«ooo  4i«Ci99lonydf  the  Ispilcatlons  of  the  Ecoiujalc  Recovery  T^x  Acr  of 
i9&i  <P.L'^-3^t  i^tlch.  In  p^ttr  ^3  Intended  ro  provide  incentive*  to 
Ajnufacrutcr«  of  flCi«ntific  instruQ(;n£«  to  contrlbut«  re^e^rch  eppatatus  to 
CoilcRffa  and  unlverattlca.    According  to  Dt.  KnaPp,  rhe  lopaCt  of  the  statute 
ao  far  i«  unclear.    &t.  LanS^ntrcrg  4«id,  "Thd  reaPOnse  ha«  be«n  alxed  and  f 
thirJt  on  tM  ^ole  rjther  disappointing."    The  econoclc  cliaate  a£Mtetc»  aSatn^c 
corpotate  donations)  if  thete  ate  no  prox^tts,  rhdre  4t<  no  taxea,  and  no  In- 
centive to  dondte*.   Dt^  &ftraeti  tecoopvindcd  that  cax  Incentives  would  be 
enhaneed  If  fjit  aarki^t  vaiite  nf  CqulPixnt  wete  allowed  pa  the  tax  credit  * 
bi  seT 

A  recogitUcdt  though  4dalttcdiy  partial^  solution  to  the 

research  instruuntarlon  ptoblca  in  our  universities  ts^  to 

persli;  the  expansion  of  ^he  equlpunr  and^donatlon  prograns 

sponsored  by  Indufftryt    DuPont  parricipates  in  sitch  a  pro^tas 

though  the  dol'lar  value  of  this  aid  is  relatively  daall  <ioss 

than  $100  rhoudand/yt.  in  fair  ^tket  value)  In  coaparlaon 

to  cur  oth^r  aid  ptograns.    Xhe  lack  of  a  algiflfleant  tax 

incentive  appeats  to  be  a  aajor  harrier  for  nost  eODi>aniea  to       ^  ^ 

iiubst^ntlally  increase  this  fora  of  aid.    The  Econoolc  (Recovery 

Tax  Act  cf  f^^l  ptovldes  for  a  tax  credit,  on  donated  etjulpDcnr 

equal  to  the  book  value  (initial  cost  less  accutiulatCd  depreciation). 

Ilowevctt  this  book  value  L»  based  on  a  depreclatlan  to  roro 

value  over  only  three  ycata.    tho  flnaneial  Incentive  for 

donation  of  uood  e^ulpi^nr  woudl  be  slsnif Icatnly  Increased 

If  fait  Diif;et  value  wore  allowed  as  rh^  Jlr  baac. 

&t.  LangenbetS  added  rhat  aooc  fltos  hav    .s»t  developed  plans  yet  because 

th<y  are  waiting  for  the  fntcrnal  Revei^  $ervica  <fi(S)t  to  issue  regulations 

IsPleaantlng  provisions  of  the  rax  act.    The  NSF  Oltecror  has  prodded  the  fRS 

to  begin  work  on  tha  regulations*  but  without  visible  results^    t^r.  LangcnbcrS 

urged  t\iQ  Office  of  Sf;iencs  ^nd  Technology  follcy  and  the  Congtess  to  press 

the  IRS  to  lasuc  the  noceasary  regulations. 
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F-    Rel*tionBMp>Biitmen  M5F  and  the  FroPfraed  DePartnent  of 

I 

The  reUtlonshlp  bettfcen  itSP  ind.  the  new  D&teriala  Ittboratoiry  Proposed  by 
th4  Dvpattoent  of  Energy  was  di«cu«aed«^  Itr.  W«l£t«n  AnV^d  Dr.  Knapp»vhAt  * 
role  the  it^f  hod  in  the  Departoent  of  £ri«cgy*B  dacl9lon  to  »pend  $180  alUlon 

ovtr  five  ye^n  to  eatabllah  a  n^terlale  laboratory.     Dr.  Knapp  re^po^ed  th^t 

»  V 

although  the  HSF  h««  a  n^terlala  division,  the  Departsent  ot  Energy  has  a  '  * 

l«re«r  budget  and  doea  mate  wotk  than  NSP  does  In  the  caterlals  sciences. 
HSF  wi«  not  consvltttl  about  the  at^^clflc  decision.    Dr.  Koapp  aald  that  the 
two  aSeodea  do  eoordln3te**vla  Joint  cnaltteea^^-^n  the  toploa  ot  high  energy 
pl^alcs  ^nd  ruclear  p^alo&  rese«rdi^    Be  hoped  that  a  slallar  «<anitted  «tnictgrB 
vogld  be.eatabllahed  for  oatorUla  Bclefl«e"««Poo^aliy  ««  the  field  develops  «nd 
It  Uglna  to  need  laore  large  lar£^  ^ulP^nt  and  national  eeotera  In  order  to 
eltafnat«  duplication*  , 


Ht     its?  ftaUtlonahlP  to  National  Technical  Inforotlon  Service 

^  Hr*  Wfll^r<)0  vaa  concerned  about  vtty  N5F  does  not  Prt>vlde  Inforsa'tlon 
\on  research  floding^  tO/^h«  Natlonnl  Teehnlo«l  InfonAtlon  Service  (htI^>i^ 
like  othsr  a£onolea4i y^Dr.    KnapP  ^ald  he  vould  try  t$  obtain  an  answer^ 

/■  ■  ■ 

V*      NEW  HAHACEHMT  flam  FOa  TtLE  DIRECTORATE  FOR  SCIENTIFIC.  TECH WLOSlCAL ^ 
IWtEftWATlOWAL  AFFAIRS 

Authorltatloa  hearings  for  the  Directorate  fot  Sclentlff<^i  Te(dinolog|o«l 

and  tnterfMtlonal  Affairs  (STIA>i  focgslng  especially  on  the  topic  of  the  re- 

otgantzatlon  of  STtAi  vere  held*    (fitnesses  wtio  testified  on  this  Isaiie  fncluded 

HSF  Director  Knepp  hsf  Director  and  Dt*  Jixam  Ro«seri  Fro«ldonC  of  California 


Stiite  unlveralty  At  Lo«  An^ele«r 


A*    Introduction  ro  ConRr^s^lonal  Concecnn  About  the  New  Or&anliatlon 
and  Mftnafteaont  Plan 

In  his  opening  »tntcnent  dealing  with  STlAi  Subco«alttee  chalruan  VaUren 

f 

eitpreaaed  coneern  that  the  proposed  oansgeaent  and  orE^nlzatlnnsl  chtfn£ea  had 
far-reachl(\g  policy  lapl/eatlonai  ^  ^ 
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The  Foun<laieloii  has  pfopoied  a  reduceloa  of  funding  for  tr\t  STtA 
ov«rAll  as  a  chdt)S<e  la  policy  aad  aangeoent  la  tho  areaa  «! 
iDternatlcrnal  coopericlve  Klenelllc  aeelvlelest  r«aeanh  InleldClonv 
AEid  iaprovodne  ^tA  oeh«r«  ■  ■  ■  ■  t  as  oose  <^nc«rnfid  by  Iht 
policy  bpllcaeioni  c£  ^at  la  augseaeed  ad  lurelX  'oanag^nC* 
dl(eetlv«a.  i 


Bi     SSF*<  Detcrlptlon  of  and^  Raclgnalo  for  c>ie  ProppaeJ  Changca 

1 

Dr.  Koapp  Justified  the  eharv£«a  aa  follows.    Tho  objeetlvt  p{  all  NSF 
reteardt  auppo^t  la  to  ailntAla  ihc  health  of  science  and  ervglDeerins  In  the 
Dnltad  St^eea^    NSF  lifl*  uaed  ivo  D«thod«  eo  organlxa'lctf  acelvltUa: 

CU  In  rea««reh  dlreetoeAtca,  orgnnUed  around  elaclpllnc»r  ^uhere  eha  ' 
.  .  ujoe  «nphas£«  haa  been  on  ue^llence  and  the  pro<lu&tloii  ol  new  kA0vl«4^«~ 

tad 

Kl)  in  pto^rMv  and  actlv£tl«a  not  organised  around  a  dlaclplloe,  Aueh  ^9 
edttcatl4ii»  Interna  clonal  eoopeestlve  aclencei  prograa  for  Bblnorltles  dad  voam, 
attd  for  und« r^r jJiPi t e  reflearch.    The  prugeoaa  have  been  'gQncrdlly  .  .  . 
oriented  tov^rdtf  p^i.Unlar  Inr  UuClunar  ^^Apfl  or  Isauea  ^nd  their  progr^amtlc 
eonecnir  prioribleai  budget*  are  olton  driven  by  <:hangcs  In  potux  concerns 
oi  Adalnlae radons  and  Congreaaca  rather  chAn  acieaclflc  developeiieat 
These  accivitlea  havv  not  b«en  supported  and  (nna«ed  by  the  reaearch  dlreceor«ee« 
but  by  STIa  or  offlctfa  attached  <o  the  OfflCfi  q{  rfie  N5P  E^Ireetor^  W 

Dr.  Knapp  s^ld  chat  the  "dual  approach  ulll  not  best  a<:rve  the  ne«d4  of 
U.S.  alienee  ^nd  enftlneering  In  the  ysaea  laoediatety  ^head"  because  theee 
ar<  perceptions  that  (1)  the  quality  ^f  uoik  Is  not  aa  good  aa  Jtn  the 


1/  Aceorulf^  to  chft  WSF  Budget  Justification  SutmcX  to  the  Conaresa  for 
flacaT  Ifear  l9Bft,  aoae  budgetary  support  &a  well  as  dcciaion-MJclng  responal- 
bllleyforThe  following  prograoa  vlll  bo  vholly  or  partially  te*(iaferred 
iron  SXifi.  CO  ehu  reaear^h  dJtreceoratea^    a  nev  subacelvleyi  colled  Research 
Initiation  *nd  laproveoent*  utilch  coablnca  Che  profirdna  previously  supported 
under  th«  ^<K>rdlnaeed  Agency-vide  tteaeaech  Activity  (CAftA)  prograas»  which 
includedi  Intergoverne^etital  and  Public  Service  Science        rechnologXi  and 
th  *  Ethlca  and  Valu«»  liPseienee  and  Technology  progroa  eteunt  In  the  Policy 
i^eaearch  and  Analysis  Subaeetvley;  International  Cooperative  Research  Actlvltio^l 
Vlalelng  PC  oleaster  ah  Ip  a  foe  Wot&en;  the  Experiuneal  Prograa  eo  SelsuUeo 
Competitive  Research:  MSF  Planning  Jtnd  Evaluation;  and  the  Waeeman  Award. 
Sewral  new  prograas*  which  would  have  been  oanaged  by  StlA.  are  Propoaed  <9 
be  handled  by  cho  reaearch  dlceccoraces^    These  includo  the  U.S^-tndla  Joint 
Pcogeaa;  Presidential  ^oung  Inveacif^ators  Reaearch  Awards*  and  Undersraduato 
College  R«#earch  Support. 
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reM«rch  directarates  ^nd  iZ)  i^Aq  of  ttie  ptogrdud  hav«  not  been  ellectlve.  [[« 
■Aid  ^  deter&lned  that  ttie  re»(K>nslbl Lltei       tb«  re*«drcli  dlretroratea  have 
b^en  deflft<d  toa  itarrwl;^.    He  stated  ChAt  conceptually  there  thould  no 
aeParntlon  betvceb  research  and  ^duc^tlon  ol  ectentlata  and  ^tie  ree^Arch 
dlrectar*te*  »tv>uLd  be  re*pOMlblfl  for  laaoaftlng  5TIA'<  "ftPetUL  prograa**"" 

Tbe  Director  proposed  ji  nev  itand£eKCit  sy«t«a-    "The  Veftearch  dlreetoratefl* 
mat  havr  grearer  re«poo$lblLlry  Tor  evaluating  and  de^lftlposaklng  on  praposdie 
tlwt  hAve^been  handled  PrevloueLy  the  the  diroctttd  ProftrAas*"    For  certain 
prDgrast  such  e»  nanageo^nt  ol  Interoatlooal  Aclenee  or  parrlclP^tlon  sf 
uOi^n  and  alnorltlett*  th«  Direetor  aald  there  wlU  ^  aettntr*vide  eoordlnatlon 
5TIA  to  ensure  thar  £OaU  ore  l7«lng  c^t*    Silence  educetlon»  bowever*  wojl<t 
be  cunaged  se^ameLy*    The  N5P,aLso  plan*  ro  establish  ^  trdckl^tg  syarea  to 
^bSJTd  that  ddt<)u^td  r«9ourt«a  are  belQg  devot^  t<>  areas  propoaed  lor  transfer 
nnd  ta  faclLlrate  aceountnblll^yt    Hovovor^  ^loltar  to  Procedures  ttiar  have 
b««a  u*rd  In. the  STIA  Jt~rttct»fat«,  epedaL  criteria  and  apeclalLy  selected 
Peer  revl«w«rs  would  h<  used  sa  that  "lundlng  dcelelons  will  U  consletent 
vlth  the  special  elrciisatan^ee"  eurrcun<tln^  rcscarth  at  different  (dnde  of 
Io«tltutton3t    At  the  rime  of  the  hearing!  the  Director  said  he  h«<t  aslted  the 
Aaslstant  Directors  to  work  out  A  detailed  laptscnratlcn  pLani  Milch  hv 


Intf^da  to  lapl«Bont  In  Of^tob«r  L943>  at, the  b«einnltte  of  fUcal  ^ar 


C-    CrpjUpa  Whl<jh  Approved  Or  Acceded  to  tha  Proposed  Chanfiea 

,  ihe  Direetor  t«atllled  ^bat  he  sought  approvot  lor  hta  idea  froia  sov^raL 

laportent  groups.    But  bla  stateaent  Implied  that  their  responses  did  i»t 

newesssrILy  sISoifj  overtfheL^nft  agreewnr: 

I  h^«  diseusaed  this  shift  in  unageaent  resigns  I  bi  LI  ty  vith 
the  NatlOTial  Scienco  »oard»  with  the  Oflice  of  Science  aii^  Technology 
Policy*  with  the  oflice  ol  Kanagaent  and  Budget*  wirh  three  previous 
KSF  Directors*  with  the  chalrMft  ol  our  Con^ttee  on  C^ual  Oppor- 
tunUUs  lit  Sclenco  and  Technology,  with  the  (fown's  Subcoanlttee 
of  that  Cooaitteet  with  the  ateerlng  cODalttce  of  Che  Director's 
Advlo^ry  Councllt  snd  vlth  the  Asslaunt  Directora  of  rh«  Foundstlon. 
Tlie  rosponafts^l  hsva  received  range  Iroa  coiicurrenco  to  enthuelascs. 
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t.    CciticiiKi  of  tht  9twf>ttd  ChanRii 

Tb«  proposed  tr^aafer  of    ftndins  and  safttsQavat  tfiaponalbUcltt«  fcog  STIA 
to  chA  tflifitch  dlnctocite*  CAlaid  a  nuabet  of  laauQi. 

1-    Suttfltfal  of  'SPi^IbI  ffoBrama"  ^ 

1 

Ih  a.  vrlccen  qwAtloQ  to  chfi  I^SF^        Subconalcc«c  A4k«d  how  STU  could 
coficlf^Ofl  CO  cootdlMCe  Itt  for^t  pcoSt«w  If  It  iio  lona«c  b»  r««POn«lblllty 
for  fi:Adln3»  Ptlorlcy-tQCtl'^f  aitd  eVAluatlon.    VSP  re^ponded^  obliquely^ 
thut  eoocJliifltl^n  oay  wan  to  'c«u«e  to  icc  co^tch«c  In  a  aMoth  concerted 
vay-'   VSF  nttponded  to  anochflC  uclcten  quaacloo  about  bhflCh«r  pro^taa  asnagoca 
would  ttn4  to  &lve  sore  attention  ^o  chi  aupP<^tc  oi  baaic  teaearch^ accivlti««» 
cachet  th«f>  cbe  'tpecUl  ^^cogcaaa"  to  be  ctai^sferred  froa  ^lA,  by  acacing 
chAt        "accWtcfe*  b«lnS  Propa««d  f«r  anlfc  dr«  baafc  ceae^rch  acdvlclea.'* 
Kat:^  obaflrvat>«  Including  sevtril  of  the  ulcneaaea^  disagreed  with  tbl$  poaldon. 

1.    1h*  PcoPoaed  Tcanafec  of  Intftcoacloftal  Coopecativ*  science  Actltflt^l^a 

The  ttubc«QQlcc«fl  gav«  cooaldccable  acc«nclon  co  che  pToPoaftd  ctanaf«t  of 
fdceri^a clonal  4cl«nc«  «ccfvltle«  co  ch«  r«a«ar«h  Jlrectordce^.    AccorJlnft  co 
S5?f  "rvapanalblUty  foe  the  evaluAClon  and  fonsal  ^coamnd«tlon«  tegacdl^K 
propoaata  Involving  Intecnadonal  alienee  will  tvac  with  che  'teaeatch 
dlca«coc«cea.'    Th«  STtA  dlre^cocace  acaff  vllt  evaluate  the  IntecnadotiAl 
aaPe^ta  of  thcve  proPoaala-  Thuv,  xht  final  declalon  will  ht  a  Joint  one." 
APP^cendS^f  tbia  la  cho  only  Pcograti  foe  which  STtA  foroedy  had  full  tcapoO' 
aiblllc>  In  uZticb  STIA  acaff  and  ceaeacch  dlteccocacc  scaff  will  satte  Joint 
dad«lona.    Sltk  ataff  will  keep  ch«  ceaaarch  dlc^ctorace  4Caff  Infortaod  abouc 
th*  tntarnadonal  aaPecta  of  ceaaaccbj^nd  lawa;  tKe  reaeatch  directorate  acaff 
will  b«  ceaponslble  foe  l«$iiea  relating  to  propoaed  teaeatch,  buc  all  dcclaloaa 
will  b%  joint. 

Subtotal  ccec  Chalnun  ValSten  askad  u1i«thttc  HSF  Pc^ae4  to  cut  fundl^ 
foe  IntetftAClonal  aclenco  by  $S  alllicm  Purauanc  co  che  budget^ Ratification 
NSF  aubalcc«d.    Z^lr«cror  KnaPp  caatlfled  thac  bhllo  Ic  «ppedC«d  f^  ch« 

\ 
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bud^t  docuoaatfl       If  fuidli^  would  tw  Odt>  i^dfl  urcly  wmiM  b«  t»n9forr«^ 
out  of         to  t'lB  research  dl»ctom«B  to  *up(o*t  InternAtionBl  actlvltlcj^ 
tZov«vcr>  the  Subcoaaittvc  Chairun  nifonded  that  It  would  be  dllllcuU  to 
tnu  ttifl  fundifiK  for  IntcrAatlotul  jci«nc«  In  4ucceedln^  jrtara,  twtrauitt 
Chera  'ara       npArxta  line-itcaa  f(^r  lntemAti(^nai  aclancc  in  the  budgets 
ol  thft  diractorattai    Director  Knapp  replied  that  a  aepar^tft  finenclaL  tracklnft 
»yates  would  b«  ln^tltutedi 

or.  Kni^pp  did  lut  respond  dlrettiy  to  Hr.  U^iA^en's  qu«»tion  about  uhether 
th«  pcrc«ption  va»  true  tbet  lew  tEian  ^detjuate  sclente  i>  conducted  in 
t^ny  IntematiofiAi  ^nd  foreign  progra»«i    £ut>  h«  aaid  thAt  he  ^xPected  the 
reorgitiniiation  to  widen  "  our  overaii  choice      »ci«ntilic  people 
the  tntemationai  Proflrans  t  ^  ^    becaune  the  research  directorate  prograa 
Aitti(»nt  havo  such  widar  contact  with  tho  ontlre  reaearch  In  any  ^Ivoo  dlscl- 
pilpD  tbiin  the  people  vho  arc  ^h  ivarrwcr^  say  wlthlo  the  STIA  dire^t(»rate/ 
Dr^  Paul  Kaj^vvll,  a  conaittec  vtaff  A«iiberf  dl^a^^recd  and  quoatloned  NCP'a 
Ability  to  4ttnct  Qore  reaenrchor*  to  International  pro^aaa  vt>oA>  li^ 
Uct»  the  int«cii4tioafti  budgflt  per  aa  would  be        50  [>«rcent>  whtch,  he 
said>  would  probably  cavse  raaaarchttn  to  Pr^Otfe  fewer  international  Actlv- 
lti«».    Dr^  HAxvell  aUo  atVed  vhethar  a  aucceaalul  tran»I«r  of  iijternatl(»nal 
«<:ience  CO  th<  reaeanJi  dlrectoratea  would  ba  unllVely  l>«^ae  foreign 
policy  lactora  aru  «re  laportaot  Lhsn  aclentlflc  criteria  In  deteralnlnA 
the  content  and  thrust  of  ttSF*^  international  *oienc«  actlvl tie«i  Dx* 
Knai>p  did  not  an»war  the^e  <tuB»tlon«  directly.    He  responded  that  If  bftter 
Te«arch  bore  conducted^  lt»?rov&d  Interna tlonal  collaboration  and  cooperation 
would  be  loitered.    (Hhera  hav«  eoaoenced  tbet  the  new  oanA^eaent  achfifio  ^7 
benefit  acUntlflc  c<>°P«ratlon  with  Induatrlallaed  cnuntrlet  Miose  reaeAreh 


it  c(»Bpatiblo  with  the  Interetfttf  of  tKe  reauarch  directorate)^  but  luy  hurt  the 
eo^Peratlve  M^ence  irograita  with  leaa  davaloped  countrlea^  Mioae  research  It 
leat  laportant^to  tht  research  dlroctoratett^ 


7.30 


ApPtQtfjl  ai  the  Trtnafer  let  mm>rlty  PrQa""i  ^^  HSF  Hafcea  <  CQBaUtmnt 

Dr#  Jdswff  Roftet  twtlfled  that  bis  uniwrBlty  EenerAlly  did  not  profit 
[ton  HSF  support  ProAraod  f^r  nlnortties  b«cau«e  u^t  H5F  i^Qari.r  ProSrao* 
wre  directed  towitd  bbclcar  lAiilc  mfft  of  the  ulnotitlca  At  Ma  achoQl 
tfQto  Uiapdnlc  and  Aai«n#     Hoat  at  the  auppatt  his  ai^ho^i  receive*  olnQtlty 
aciance  protgraoa  coMa  tf™  two  ptatgraa$        bjf  tho  Kattanal  Inatittites  of 

lEealth;  thit  i«,  the  Hinotitj^  BioiKdial  Rcaoarcb  SuPPOrt  Frogran  (HBKS) 
aitd  the  Minority  Acccaa  to  Rcaeatch  catecra  FtogtAu  ^Idltional 
funda  itf>a  ft%?  would  Ih  vcty  uatfuli  he  MA,    sevetal  f^ctota  in  ttSF'ft 
cKiatins  <pre-teQr£3niiation  of  STlA)  nanaEeoont  atructurc  allitatc  aSaln^t 
effactivti  minority  science  support  ptogrnq*.    Thcs«  ato; 

-  inadc<iuAte  finding  ovoraiit 

-  u»c  of  a^MEvouA  definltiona  of  olnorltj^  io^tinitlon   with  the 
laplicationa  tbnt  aoAc  NSF  support  ptoStaaa  do  f^Qt  locet  the«' 
sre'^lonaily  enmclftted  gottls;  and 

-  in«dc<tu4te  attention  in  the  KSF  teaearch  dlteetotatta  to  the  n««d« 
of  ainotitUA' 

tie  viewer!  th«  ptoooaed  r^alienoont  of  STIA  aa  havinS  both  dl^dvantagca 
arjd  adv^ntagcai  but^  on  bal^tncei  he  *^^^f  the  b4t4[it$  exceeded  the  coata^  Dr# 
Roaaer  outlined  the  ilVciy  coata  of  the  proposed  ^TiA  <*an«g^aont  chans^*' 
Iheae  are; 

-  dllutt->n  of  effott  [or  iftlnorlty  science  aul^porti 

diftflppejitance  of  effort  and  funding  for  atnotltj^  aclcnce  ptogtaaa 
if  there  .ir«  no  aP^Ufic  allocationa  for  thcao  prograaa  in  cho  research 
directorateai 

-  of  uilfonity  in  poUcio^i  ptiotitiea  for^  eligibility 
etitetia  for^  and  iopieocntation  of  ptoflrao»  fot  clnotitfoa  fron 
ditectorate  to  dlrector^tei  , 

-  incte«ao  In  burOductAey;  and 

-  "account ability  will  be  diattlbuted  And  it  oiay  bo  difficult 
to  Ideadfy  any  ain^le  office  or  indivi^ai        wfil  taVe  owtall 
teaponaibiiity  for  ntVin^  deciaion«  and  setting  policy.' 

The  foilowlnS  Arc  a^lv^ntagea  that  aifiht  fl<v  ft,>D  tho  Ptof^aed  aanaSesu^nt 

ahiftr  if  HSF  Inetcnae*  It*  eottnltdcnt  to  olnotltlua  ovetall: 

*  In^ruased  funding  fot  minority  prostaoa^  if  reapon«lbl lity  for 
Alnotlty  proetaaa  wete  aPt-ead  acr-taa  aU  dl rectotateai 
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-  broddeplr^e  of  the  luttber  of  irtvtlcuc loti»  betief lctJi>g  froa  nltiorlc/ 
prograatt  If  che  entire  SS?  vefe  involved  In  Pto^tantt  aoA 

-  "inc^^r £clon  of  sinorlty  Progrjas  Into  all  of  the  dlr«eLordLe»  coul<I 
be  a  fujoir  «Lep  Lovard  providing  atnorftles  wlih  aeeeeas  lo  ihe  oainllne 
reseAfCh  prograaa       ihe  MSF*' 

Ue  off«r«J  the  CoLlovfn^  reeoqsM^ivtaLlon*  la  9D«ur«  that  slnorlt/  prograo^ 

pile  eo^^Llble  wiih  tLe  proposed  chAngei  In  $TIA: 

1.    That  At  iej,L  for  a  reasonable  Period  of  tliw,  an  office 

eatabllfthed  dliectl/  under  tho  NSF  pfrectar  with  th«  responalblllt/ 
for  over*«elc^  the  ^velopocat  of  slnorlt/  proer««»  la  eath  of  tho 
dlreetorate^  anJ  for  unltorit^  the  ProSrsss  of  thete  prograu.  Ttti* 
uf  flee  itlg^t  aI^o  function  as  a  elearl[>ghOu«e  to  provide  Infonaatlon 
to  aa^ldt  Institutions  and  Individuals  fn  gjainfng  acces*  to  Progra^is 
In  the  various  dlreotor<»te«.  'If  the  Efforts  of  ihf*  of  flee  ^re 
su^eoatful*  tho  need  f^r  ft  ahould  eventuall/  dltoppenr^ 

2^    That  the  MSk*  <:oficoaaltaot  with  Its  loplecontatfon  of  tho  ncv 
aan^geocnt  plAn*  Lake  Steps  to  fnsure  that  ihe  dlreotorstes  give 
«ufflel«ntl/  hl&h  prlorft/  to  alnorlt/  prograas  so  that  the  total 
resources  eocraltted  to  the«e  progtao^^  Increa^o  aub^tantlall/. 

1'    That  ooiulstont  etigiblUt/  orlterfa  b«  establlahed  that  will  not 
eK<;fude  Institution*  that  ahould  logfeatl/  quailf/  but>  rather*  will 
broaden  the  partlclpatfon  of  in^tftutlons  havli^g  algnlfleant  number* 
of  olnorlt/  atudcnt*.  " 

^«    That  velt^-deflned  jind  upeilfle  p«rforiaa(ico  objeetfvea  be  forauiated  to 
holp  guide  tho  efforts  of  each  directorate  In  deveiopli>g  alnorft/ 
pfogtdns  And  that  «ort«ftpondlng  evaluation  erlteria  b«  fora\iUted 
against  which  tho  perforoan^e  of  each  dlreetorate  will  be  oeasured  f(^r 
continued  fundings    In  other  worda*  each  directorate  ^ho\ild  be 
evaluated  on  the  basis  of  result*. 

5«  That  each  directorate  be  required  to  develop  a  plan  de*crlbl'>g  how  It 
win  dvvelop  Its  alnorlt/  prograas  ^nd  tuaei  tho  speeUled  perforaanee 
objectives  and  that  the  Sfaltaoal  Selenee  Board  then  eonsoUdato  these 
plans  fnto  an  overall  plan  for  the  Foundatfon^ 

6'    And  flitail/t  that  tho  !fatlonaL  Selence  Board  r«vleu  annuall/  che 
perforaance  Of  the  directorates  and  of  the  Foundation  in  laeetfitg  the 
o^tabllalied  olnorlt/  pTograa  objectives^ 


VI*    StfPFORT  FOR  THE  BEKA^.lOftAL  AND  SOCIAL  SCIENCES  RESEARCH  SUPPORT  FaocSAHS 


Ultneasea        addreased  the  Isaoe  of  fuitdlag  for  iho  behavioral  and  social 
sclenco*  wvte  Dr.  Thooaa  JuAtetv  ^nlversltJ'  4f  Michigan  and  Dr-  Jiex«<:hel  Llebotfltt* 
PenM/lvanla  State  Vitfvertlt/. 
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A.    Subcoaalttofr  Ch*lrojHi  W^Agren**  CrttlctaBU  of  the  Law  PuinHnft  Levelj  fot 

In  his  optntrvg  Atdtaatnt  on  the  Issue  cf  funding  for  behavioral  ^nd 

socUt  research*  ConSretsoan  WaLSrot  «dLd  tluit  NSF  «ariurk«d  ^22^.6  aUlLon 

for  ftscAt  Tcjir  X9S4  for  th«  Dtreetcrate  of  StoloSteal*  Behaytoral  and  Soelat 

Selencc^r  an  Lnerease  cf        mlLLLon  over  the  flseat  Tear  l98^*    Ho«t  of  the 

liier«4H  vas  sLattd  t<r       to  the  M^L^teat  jeleneea  Areas,  ^nd  fmldl'^  propped 

for  behavioral  and  soetaL  setencet  was  AtllL  22  pereent  belov  th«  fleCAt  war 

HSO  levflU     '«  «  ■  trnfortuntteljrT^  he  said*  'deapLte  these  incte^^ea 

we  rtlll  do  n^t        the  funding  baa«  reatored  for  the  behavioral,  social* 

eeonoate,  and  Inforutlon  scLenee*  despite  dlreetlvea  froa  all  of  tha 

Involved  eoulttees  of  ConSress  to  the  eontr^ry."    Mr.  walgten  was  «s- 

poel^llT  eoncvrned  about  the  cntts  In  behavior^  and  aoet^X  sciences  b^tnuse 

of  tha  treaendouB  gap  In  knovled^^  In  theae  «ea«.    He  attributed  the  Adatnls* 

tratton's  oit*  to  Its  'disapproval  of  'social  eBglne^rlns*  and  governoent 

InvoLvebent  In  areas  tMt  drs  Adalttedly  oontro^r«L«L. "    And*  in  contract  t(> 

the  pere«Lv«d  AdalntstrAtlon  posttton*  he  Lllusttated  hou  iDportdnt  the 

s{te*4l  i^ltpc^s  «e: 

*  .  *  Stanford  University  eondutta  ^    prograo  of  science  te-edu<:«tlon 
^    for  lt«  arddu^te*  *nd  partleuldrly  ti^ny  .  .  .  d^dgeaent  people*'  and  In 
that  P^ogr^  they  have  found  that  slthou^  the  social  sciences  are 
the  aoat  eontroveralnl  at  the  out««t*  th«y  sre  the  tiQSt  valued  -  *  *  * 

Vivid  evldente  of  the  need  for  oore  1^owl«d£e  or  husan  Interaction*  he  said, 

Is  s«cn  in  the  vletnaa  veteran's  aeaorljkl  in  Uashlngton  and  tn  the  re^ulrcaenta 

far  ltiiprovlr>g  productlvl ty« 

HSF  Director  KnApp  testified  that  KSF  hud  Increased  fufidinft  for  the 

behavioral  ^nd  social  soienees      ouch  4s  pcs*lble  conbcnsiirate  with  other 

(itidlng  needa«    ^t  Kr.  Valgren  qtioatloned  KSF's  priority  settlDig  Dethodsr 

and  «ald  that  funding  for  the  AAEO  Directorate  waa  increased  ?4  percent  above 

the  prevloue  level*  but  th«t  the  fun^Jl'^  Increase  for  tho  behavioral  and 

soolal  aclen«oa  was  chich  lover,    pr.  KnaPp  responded  that  the  phjralcal 

stlvnccs  netded  considerably  aote  InsttUHntatlon  than  the  social  sciences 
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Un  AJtertiOQ  social  ««J«ntittt  testifying  dlBsgre«d  vltb^  ■««  belw)^  ^nd  thit 
if  fuitding  for  inatniccDtAtion  uvrv  «iittlnated  ttw  increaied  fvndinfl  ieveU  wouid 
b«  oigivftientt 

i.    QuMtioin  RaaTdina  APPiicatipg  of  UndiatrlbutcJ  Fundi  to  the  Bchtyiorai 

and  Social__gci^nt<5__  . 

The  Foundation  hta  $4*5  oiilion  if^  undiitrlbuted  fui)d«  iefr  over  £toa 
the  FY  1^03  budget  «ii<»ciitionr  sctordi<^  to  Hr*  WtiSten.    H«  vondered  if  that 
»n^  couid  be  diioCAted  to  rha  twhoviorai  and  social  i^iences*  Ditector 
Kiupp  uid  the  funds  vera  fros  rho  o^ctn  JriiiinS  proftr^a  ^nd  that^  ah^rcLy, 

iwiid  COM  up  with  A  recodtaendation  to  aiiocate  che  aon«/»  iapiyiog  thitt  ^ 
he  could  not  aiioc4t«  the  funds  as        WAiSren  «vt«5^sred* 

»t    CflticisBs  of  Cuta  by  Witn»aBC5_ 

Dr*  Thous  Just«r  oParwd  hia  atiteaant  by  citing  earHer  tcacivony  of 
Dts*  Knapp  and  Kcyvorth^  uhv  sAld  that  cho  support  of  basic  research  vav 
t^lAi  to  econoafC  recovery  and  rev itaU cation  of  th«  tenarch  hss*  in 
thio  councty.    But^  according  *o  Dr*  Juater^  che  1984  tniftgec  requeat  doca 
not  suppaec  this  ^sL  ba^suse  it  «aphasixes  nacuraL  dnd  phyaicai  o^ietcea 
research*    Kore  'uppott  ia  needed  for  the  socioi  sciences  because  ^euch  of 
our  cBpicai  stock  consists  of  husan  aklLlj  and  not  oachincr/  and  <!^ul^vent  *  *  *  * 
In  ahoct  ve  depend*  ^s  a  society>  at  least  aa  nuch  on  ddvancea  l<^thc  aociai 
aoj  behavioral  acl«nc«a  as  on  thoae  in  the  p^^ysical  and  natural  sClCfiCca.* 
Dr*  Llebowltc  concurred  vlth  these  atatcocrtta.  ^tddlng  thac  tne  FY  1934  budget 
attcaPt*  to  establish  i  hf«rachT  as^^  the  sciences  and  gfvas  KSF  i  ^psrclaan 
ftlsslon*' 

Tho  cuta  in  fi^dli^  for  behavioral  ^>kd  social  rcseatrh  have.  serlMa 
Iflpllcaciofls  for  the  future  of  these  dlscfpllnea^  accordfn$  to  Dr.  Justort 
fewer  youftg  students  are  dtoosltig  social  sclentos  as  a  career  and  aupPorc  for 
young  Investlgatots  and  for  hlAh'tlak  projeCta  by  rcacarchara  of  ail  sEea 
haa  b«en  reduced*    ^  addition^  Contrary  to  vhat  Or.  KnapP  sald^  social 
sclantlsts  rt««d  irtscrusentatlon»  cspetfally  eooputcrs^  as  nuchas  <fci«ntlats 
in  other  dfsclplfnca: 
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There  has  be«n  a  revolution  in  »cl'l  icitDc*  oethodft*  It  Is  ^ta 
inteD^lvci  coapater  iflttn^lvci  and  Inatruaent  Intenalvv*  The  netda 
hert  are  a«  great  Jta  la  the  njttvral  «nd  physical  science* . 

Dr.  Jvater  ttatliled  thati  'at  tht  University  oi  Mlchlgani  3^  Percent  oi  the 

viagt  oi  eoaPuttn  la  by  »clal  4nd  beh*vlorJU  scientists  in  tcras  oi 

houn  ot  carter  tl«  burned  up*"   CaoSr^aiBin  Ualftren  agreed  that  behavioral 

Afvt  loclal  scleitet  reaearch  Is  tavtruaentst Ion- intensive  and  r^ecmcnded  that 

thfl  SSF  bcglft  a  atu^y  to  assess  the  Instruo^ntatlon  nttds  oi  dll  the  scleocsa* 


C,     lllustratlona  of  Breakthroughs  Made  BV  ythatfforsl  and  fiagtAi  Sclenttsta 

Both  Orst  Juiter  and  Litbovftt  ^ve  lllustraCloas  of  usciul  bredkthr(Mi3^s 
aade  by  bthsvlor^l  ani  gccUl  acltatlsts.    AccoTdlfiS  to  Dr.  Juater,  acclsl 
scleoee  rtiesrch        reversed  the  atereotyptd  notion  that  tht  '^culture  oi 
poverty'  conalata      *  pcnuntnt  underelass.    Quit^  to  the  contrac7,  he  ^14, 
lon^tudlnAl  (ovor  tlse)  itudlea  hsvo  revealed  thst  there  considerable 
turnover  throunh  ttfl«i  a  ftndl*IS  vhlch  has  easalve  tapllcatlons  fot  Public 
Policy  teusrd  the  poor.    Dr.  Llebotfltz'a  list  of  th«  bcneilts  of  behavlor^X 
rvatarch  loclvded:    (I)  lnterdl«tpllna(7  rescarth  In  cxpcrluntJU  psychology 
aod  engJoeerlng  vhlch  have  dealt  vith  such  societal  problcas  jis  the  need  to 
understand  huEisn  factors  in  aviationi  t>r  vhlch  have  helP^d  to  dsilac  the 
botindarles      Othat  societal  ptohltoSi  such  m  t^ing  to  ootlvatc  people  to 
wear  aesCbc^tSi  and  (2)  breakthrough  flndlnga  In  such  sress      group  bQltavlj^r, 
conflict  resolutioni        aotlvaLlonAl  patterns  lesdlng  to  success  in  aanaglng 
lar^ft  organltationa* 

D*    '^ffllMnftl'j^tlo?'*  for  NctJcd  Research 

Or.  Justsr  test liled"" that  the  1^34  budeot  vlll  not  a^coaodste  all  the 
bases  that  tequlr«  supporti  IncludinS  these  dealing  vlth  ptrsonal  savings  behavlorf 
assures  of  oi^anizat^nel  behavlori  aeasures  t^Kh  coabint  cconMlc  and  oranlta- 
tlonsl  iaetorsf  and  i&eaursa  oi  well-bel*IS  in  oarket  and  non-aatk^t  «conOAlest 

IM  als(^  Itated  other  ereas  ^src  seaaureaent  research  could  ho  enhanced 
If  tute  fundlns  vere  available.    These  Included)  thcac7  of  oarketsf  atatlstlcal 


785 


B«Ehodt  for  longl Eudl fial  dati  bia«i»  eittutlon  tichnlque*  foe  macro-^c^aoaic 
»^ets»  aedliElon  Ecehnlques  to  alleviate  oweerovdcd  cl>uetfl«  And  longlEvJinal 
d4Ei  b4»«  EO  dttfcclbc  efffieclvtt  eeEhoda  of  dcHrrtioee*    He  esclaac^d  che 
»it  of  chlB  uid  oEhet  needed  rei»reh  aE  $12*5  allllon. 

Sevflc^  iteai  of  twhavloc^l  re«eirch  wotjld  pc«f  lE  fc^gi  inereaie  in 
funding  aecordlnK  EO  Oc.  LlebwlEt.  ThQie  Include  «tudiQ«  itit  ovQccatin^* 
drug  abu«««  smklnj^  and  copli^  tflEh  c^e  tfldac  (<«q  of  tiOapvEec*. 

tAion  iBVed  co  pceierlbe      appcopciate  level  of  iundlnS  inereAie^  Dc.  Jmcet 
reccDHDded  Ehe  $12.5  alLllan  tie  had  nEluEed  At  tht  t&at  of  Ottedcd  sediurvMnc 
adA  oEher  pc^Jecti.    He  iild  thAw.  Judgtaenta  abouE  funfing  laceceaea  should 
be  ude  b/  those  oitAlde  of  che  «cieotiflc  cvnnml^  since  selenElace  tfQuld 
favor  tbelc  own  dlaclpllne'*    Itoi/cvec^  aevecal  ^eacs  ego  e  N^clon^l  A^deoiy 
of  Seiencea  Cnalttee^  dubbed  che  "sia^n  Coonltte^'  for  U»  dielt^n*  Kobol 
UurejiEe  Eterberc  SiK>n«  repocced  cheE  aociel  And  behavlorel  siitnctt  pcogc^as 
ece  ea  high  in  scientific  <iuallty  as  a^c  P^ogcAsa  In  physical  and  nacurat 
aelencea*    The  lapUejiclon  tfaa  chsc  ill  Aceaa  oi  aelence  should  be  glvcit 
vivaI  creaEae^it^ 

in  hla  printed  [e«Elaony«  Oc^  Lleboirlt£  recd^^nded  thac  Ehc  Cosoittee 
loalac  that  coapeEence^  rachec  than  political  bell«f»«  should  be  che  chlei 
crK«i[lon  for  sitleccion  of  a  new  A^^l^canc  DlraeEor  for  Ehc  Blologlenl^ 
^i.ttti^Tfilt  and  social  Sclencefa*  * 

Vli.    SUPPOflT  FOR  tKFORmTiOS  $CIESCES  RESEARCH 

Off.  Joe  vy^tcE^  Chjacelloc  of  Vanderbilt  crntversicy^  and  chslra^  of 
che  Advisory  Coaoltcee  to  the  NS?  Division  of  tnforuElon  Science  and  technology 
biaed  hla  ceatlDonjr^  In  pacc^  on  a  repocE  Peodtteed  in  i932  by  Ehc* Division, 
enclcled  "Rasncch  Oppoctunlclad  tn  inforuttlon  Science  and  Technology**  NSF- 
02-63.    The  Cfnlted  SEAtes  19  nov  facing  *  aerioas  pcobtea^  he  ssld^  aince 
Japan  and  Veacecn  Eucope  ^ce  wcpaclng  Ehia  counciy  In  ^^ae  ireea  of  Inforuatlon 
adancaa  nnd  co«*uti1  cations  cechnotogy.    lie  seated  that  the  aeclouflnoe*  of 
thH  pr^blea  i»  «i<a[(irbat«d  «In»  ^/epan  can  ^velop  technoloKjr  ouch  aore  ^aliy  ^ 
^n  thtt^nlced  ScaEa*  and  anteh  oi  Jsr^n's  eoaaunl cations  technology  ev4Jlv«d 
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fro*  bfijlc  ce«c«c^  jupported  by  the  Naclon*!  5c1«ik«  F<ntnd«cl^.  Thl* 

Ijjuvr  hb  *iXd  i»  Che  '*'re«L  uorld  w«c*"  chat  tfe  «hou)d  be  Pc«Pac«d  to 

c<Abdt.    Tlie  Dlvliloo  nc^fl  adtllcl^nal  ftmdlii^  co  ^pp^ct  needed  ces^arch 

ch4t  the  pdvitte  jcctor  tflll  noc  «upp<»cc.    Dr..  ^yact  asld  thitc  wh«a  coBc»lttee 

^«  focud  In  197B*  It  recaanenJed  funding  «t  Sll  ollllorir  but  tbe  Division 

nev^r  c<«elvvd  <»"  chtfn  onc^lf  chat  4iaouac.    The  rcc<waQ(tde<t  1984 

level  Is  about  S6  alLlfon*  lAtlch  ^11^1  nece«ftlt«te  <  cedueclon  in  «c«lf 

iros  15  CO  9-        an5Uftr  to  a  wrleeen  q^SKlon  Eubnlcted  by  the  CoanlcccQt 

.^5P  «4ld  it  did  ooc  prablev*  wifh  this  figure: 

InfoCBAclon  Science  and  Technalo^y  Is  m  cucslng  field  of 
reseacch  and  this  level  of  fimAag.  vould  Pemlc  co 
fuftd  about  503:  of  propog^ih  c«celv«d  by  Ic^  The  aoccens 
rdtto  In  other  BBS  Progcsas  .  .  #  by  coepeci^a^  1*  ^ 
ocdec  of 

A.    Rescecch  That  tfacranta  Attention  * 

Scvsnil  cetcardk  act}SB  vjicranc  p^loclty  attention,  according  to  Dr^  ^act. 
Flc^Cr  In  robocictf*  Bore  ccsedcch  1*  noodet^^  fhe  ccco^ltlon  of  geoc&ttrlc  ^ 
•  bs^a  «lthouc  huaan  lntervoncloii'<thla  mulc^a  imdcc^tandlng  of  hu»an  behavior 
c«latlnS  CO  the  bcaln*  sUPllf leatlon*  <:acegorlt«clon  of  Infocaatlon*  and 
learning)^    Second*  oust  proposals  to  fhe  dlvialon  which  have  expensive  Inatru- 
CKintatlOR  co^ca  ac«  ooc  funded*  buc  choae  ftfea^  c«^ulrc  ittcceascd  «uPPoct^ 
THlcd*  checo  1^  a  need  to  assoas  th«  behavlocal  Issues  thac  affecc  the  develop- 
wnt  and  u«e  of  chla  new  technology.    A  cecettt  Mav  Tock  Tines  editorial  iiidlCAted 
that  95  p^rcont  of  aldJl»  saftageocftt  ffola  lA<ecure  sbouc  isPleKnring  n«v  tech* 
ftolo^y  1ft  the  vorVfocc«^ 

B*   t^F  InvolveiHirtc  1ft  CosPutec  WfrtwrkJ 

Conaccaawft  Fr^crick  Eouch«c  Ceocge  Scown  asked  abouc  ^^^'^  involve* 
ttenc  vich  codpuccr  nscwocka^    Coagre^aaoft  Bcown  waa  eal^clally  concecfted  abouc 

uhtchoc        ploys  a  role  i(t  providing  univeraiclca  vlth  aCc«aa  to  aupoccoapucacs 

f 

via  tlkc  H^F-aupporcad  coaputer  necvork*  CS  NET.    Oc.  l^app  ccapoaded  fhat 
fhg  HSF  actw^Ffc  lli^a  coapucoc  faciilcKs  In  utlveraicios  funded  hy  ttSF^  Ut 
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jdddd  thdt  U  ifl  M  jiov  ayjCen  ^nd  <Ihj  ttot  provide  dCC«flfl  to  SgperCodputerS, 

but  geiKr«ily  ui^ivfir^iClea       not  iced  fl£Ce«»  to  kt^lupffd  aupcrcoaputer 

fjcilltUfl'    Tuo  otlier  f ftdaralir-^f iMdcd  fluperc<nPutin$  nctuorka  are  jkVAiUbio 

to  tmlveraity  r«mtcherj;    tlie  DOD  ARPANET  and  the  DeparCaent  of  Energy's 

miSnotlc  fufllOi^  DAtvOik,    Cnocrciat  natvdcVa^  According  to  Dr»,  Knjpp  ^ad  Uyatti 

aUo  PrOvid«  «ccdu  KO  lIu  cflpabtiltla*  t>eedcdt    Dr*  Uyjtt  ajld  cbAt  uhlU  ha 

U4J  At  Harvard  ke  s«tvad  "  chAltiaaii  and  chlaf  executive  officer  of  l£DUCOMi  a 

Mtlonal  coaput«r  nsttrocV  of  coii«$«a  add  miiverattlQ^f    Thla  group  recoaKiid#4 

tliat  the  university  natuorh  u9e  covaeCcijiir  avaliabit  cosmnicationA  rfjourc«9, 

«utk  aa  ARWeii  TRUH^T,  «Dd  TIHEKBt.  rather  than  aPtciai  lutworkinS  faciiitlea. 

tht<«  are  used  for  '^icceaa  to  l4rg«  colLacionv  of  datit  tha~  are  very  difficult 

to  uve'  And  for  'acce»a  to  targe  ^igoritlw  that  ure  aiso  dffficait  to  »v«, 

aueh  a«  thoixt  at  tko  Hvtional  Center  fot  Atnospheric  ReQQatchf"    Dr.  KnapP  «dd«d 

t 

*  that  K5F  ha)  forscd  a  coaaittce  to         at  the  ovtreii  Probitaa  of  coaputet 
«cc«as  for  N5F  Ktanteoe  In  all  ar««»  of  sclenc«i  and  that  this  is^ue  wouid  bo 
the  topic  of  conaidflr«tion  at  Ch«        ^^^^  Kationai  Science  Bo^rd  oevCtngf 
tloweveri  ke  addedi  H5F  did  not  havo  the  capability  alone  to  provide^  tho  base 
for  a  aupercoaPuting  Support  efforti  ^il  fedor«l  agencies  vOuld  have  to  be  involved. 

C-   lieed  for  Codfdin*tion  of  Infotoation  Scitnce*  Rcacarch  in  nsf 

In  a  uritten  quoation  to  HS?^  tko  Co«*lttoe  aahcd 

Uould  HSf  bti  ablv  to  d^voiop  a  /ore  effective  and  coaprehftnstve 
progr^  if  tht  Inforoation  Sclenc^^  C^niputer  Science,  and  Coct" 
putet  Efiftneerins  Division  (notf  located  In  three  dltectot^te*-- 
BBS^  HHf^  and  Engin^tirJlng)  u«rc  brou^t  to^tlver  In  a  nev 
directorate  ufaert  wf«qii«to  aaJ  coorolnated  ainagcBQnt  attentiun 
could  be  given  to  jf^il  prograaftf 

HSF  r«ipc»nded  thAt  tke  currant  't^irttd^eaant  aiiovP  tkoae  diaciPlinoa  to  ^^'^ 

and  btilld  upod  the  coft'^ate  rc)«4trch  takinE  place  In  three  directorate and  that 

''    it  pr«f«tr«d  tKia  ""lioxibte"  aPProACht 
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ftRSEARCH  TO  HSV  ^  ^ 

Zhitiitg.  the  po«toir«  hearings  before  the  full  d^aAittee>  Cot^rci^aao  M4tthcv 
9.  M^Cuth  3Aid  thit  it  "wav  recently  bt^ught  to  .  .  .  Ihlal  .  .  .  Attention  .  .  . 
that  ...  In  the  .  .    .  fiscal  y«at  I9B4  budf{«t  «ubalMloa  by  the  BPA.  50  )i«rc«nt 

of  the  fgnd«  tequcated  for  exploratory  teseatch  ptogra^  will  b^  nanag^d  by  KS? 

c 

for  contrAttIng  ut  lotig^t^ta  research."    He  vat  concctn^d  about  f^GTher  the 
Foundation  had  givon  sufficient  attention  to  iapteoentlng  thl«  propoul. 
Dr.  Knapp  responded  that  he  h$d  heard  the  ttansfet  had  been  ""put  ofi  hoH"  and 
that  A  draft  Int^ragcAc/  agteqtDent  wt«  being  propared.    t[ouever>  he  aald  "HSF 
would  taaiuft<»  the  baalc  rc»at«)i  prograaa  on  EPA-*like  probiciis.k If      were  aaW 
to  do  so"  afid  that  N$P  vas  pr<^par«>d  to  begin  oana^lng  40  percent  of  the  prograo 
and  Ibcreaalhg  Ita  tunageaent  to  100  percW  In  the  nei^t  fiscal  /ear  If  the 
budget  petnlttedf 
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NATIONAL  SCjCnCC  FOUNDATION  ^ 


nsf 


February  9^ 


DI«f<:TOlt 


Honorable  Ooa  Fuqua 

Chairman  « 
Committee  on  Science  and 

Technology  ^  , 

Hoijse  ol  Representatives  ' 
Washington,     C^  20515 

Dear  Mr^  Chairman:  ' 

I  am  writing  in  response  to  yjur  letter  ol  October  1^S2,  concerning  th«  National 
Science  Foundation's  (NSF)  plarys  for  aliocating  the  fiends  made  available  to  tt  ynder 
P<d>Uc  Law  97-272.  the  FY  I$S3  HUD-Irv<fependent  Agencies  Appropriation  Act. 

A*  you  know,  that  Act  providcti  a  total  ot  Sl,092  million*  for  NSF,  including 
appropriations  of  $I,Oeo  million,  $30  million  >2*2  million  lor  Research  and 
Related  Activi^es,  Saence  and  Engineering  Education,  and  Special  Foreign  Cur- 
rencyr  respectively^  jhe  NSF  current  plan  for  FY  i$z3  is  shown  in  the  enclosed 
table.  In  making  allocations  to  NSF  activities  and  subactivltici,  careful  considera- 
tion was  given  to  the  guidance  set  forth  in  Congressional  reports,  as  \veJI  as  to  the 
most  promising  scientific  priorities  and  opportunities. 

^or  example,  $3.0  million  above  the  FY  19S3  budget  request  was  added  for  the 
behavioral,  social,  econonaic  and  tnfomtation  sciences.  'Also,  approximately  $2.Q 
milJion  will  be  provided  in  19S3  for  engineering  research  to  aid  the  Jiandicapped. 
OveraJJ,  I  believe  that  NSF  has  developed  a  responsive,  v^ell-balan<:e<f  and  fiscally 
sound  prograrift  withln'the  FY  J9S3  appropriations^. 

1  look  forward  to  working  with  you  on  the  Foundation's  FY  19B*  requests 

Sincerely  yours, 


Edward  A.  Knapp 
Direct^Jr 
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COMPARGON  OF  FY  m'i  CURRENT  PLAN 
WITH  FY  REQUEST 


Current 


Request 

PJan 

Difference 

^     too  V 

> 

99.7 

m.t 

259*7 

> 

259,  ft 

ODP 

2,5 

US/^P 

S2,4 

STIA 

-0- 

MtSiP 

J.J 

'0^ 

-3,3 

PD&M 

6yA 

-0*7 

Unalloc^itcd 

Reserve 

-0- 

^^5 

Stiftotal,  RitRA 

!>060,0 

S£E 

15*0 

SFC 

2.2 

2*2 

TOTAL,  NSF 

Slt072,8 

1 

tt092,2 

\ 


EXPLANATION  OF  DIFFERENCES 


MPS  (net  increase  of  S.?  million): 

0  From  $3,0  million  in  rc<iuest  for  pc^stbte  rcprogrammbg  to  ODP* ^$2,25  millioQ^ 
reprogrammed  to  ODP  and  S*75  mUlion  to  tmdistributed  reserve*, 

o  From  appropriation  ir^crease  ^nd  limitations  tncroase,  $3*9  million  for  high 
priority  research  instrumentation  including  instrumentation  for  facult/  at  2-/4- 
Year  Collegt 

ENC  (increaseof  Sl.l  million):  * 

o    Added  from  appropriatio<i  increas<^  and  timltalions  availability; 

0     SLI  mllliot^  added  for  research  instrumentation  and  th^  physically  handi- 
capped research  program. 


/ . 

DOS  diet  I^Vut|$<i  of  $3.7  nilllLon)i  ^ 

o    Th/$3.0  tjnillion  ificludcd  m  th<i  r<iquc$t  toe  possibk  r<iprogrammmg/o  OOP 
reprogrammed  to  the  undistributed  resofve. 

o  /Added^lrorri  appropriation  ]n<:re3S<i  and  limitations  availability; 

o  $3.7  rjnilMon  for  research  iostrunxinto  to?t  irKil^iding  faculty  at  2-/4.Year 
^  Coll<i£es  aridoth<^  high  priority  re^arch  kr<ias,  e*g*t  plant  sci<inccs* 

0  *^  $3.0  million  lot  social /behavioral  sci<inces. 

! 

AaCO  (net  decrease  of  $.3  million): 

I 

o     From  ^3.0i  million  inclu^d  in  orig;tnal  request*  $2.35  mUUon  r^^progra'tiined  to 
ODP  and  5*75  miltion  to  undiistrilx)  ted  .reserve. 

!  . 
o    From  apprjoprlation  increase  and  limitationvav^t  I  ability  i 

o  $2.7  cpillion  lor  inst  rumen  tat  ton*  iocluding  astronomy  and  laculty  at  2'^/4. 
 ^  —     Year  Colle^eSt  and  other  hi    priority  cequirements.     -  -  ^. 

ODP  (mcreasc  bf  $2.5  million  compared  to  the  budeetf  request  but  $4.5  mjllion 
Increase  compared  to  the  appropriation  of  M2-0  million): 

0     $flf.5  million  reprogrammed  per  Congressior^l  Committees'  approval. 

USAP  (decrease  of  $M  miltion)i 

o    Appropriation  limitation  *  Operations  Support  $4tQ  million  1^$$  than 
request. 

PDicM  (net  dc<jrease  of  $.7  mhllon  from  req'je^t):.' 

o     $.7  million  of  request  not  approved  ir)  aj)propriatLon. 

■UNALLOCATE  D  RESERVE  ttncrease  of  $0  million): 

,  o  $(^,5  Piillion:  $3.0  million  reprogramiped  from  DBS  *wid  $^75  million  each 
from  ]MPS  and  AAEO*  (Held  pending  additional  progra<n  r^icommendations 
by  the  Foundation  on  Ccean  Drllliflg.| 

S6E  (ificrease  of  $15*0  million):  |  - 

0     $15.0  million  added  to  the  request  by  Appropriations  Committees. 
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COMPARISON  OF  CARA  PROGRAMS 
FY        REQUEST  AND  CURRENT  PLAN 


Currt^nt 

Request  Plan 

N5FPIanmpg^ndEv^)i:atton               $  2,500,000  $  2,500,000 

Visiting  P^oi<!»sof3hips for  ^t^omen            I,000t000  1^500,000 

MJoorltyRwMrchlnitJation                   2,500,000  2,000,000 

Research  Improv^ent  In 

Minority  Imtitutions                          2,000,000  2,000,000 


Experimental  Program  to  StlmuJatc 

Competitive  RwifCh  2,500,000  2,500,0C^ 

International  Council  ot 

Scientific  Unions  300.000  SO0,Q00 

TOTAL  $11.300.000  $1L30Q,00Q 
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